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Abstract  
Despite the large quantity of research on the projected impacts of environmental drivers of 
change, relatively little is known about the changes in the West African savannah woody 
vegetation and their drivers. Understanding processes that operate and long term impact of 
drivers of vegetation change, acting individually or in combination, is vital to enable future 
mitigation through conservation practices to be successful. This thesis assessed the processes 
and drivers of vegetation change in the West African savannah, (with particular focus on the 
role of herders and their livestock) aiming to develop mitigation strategies to increase 
ecological resilience of the region, using the Yankari Game Reserve of Nigeria (Yankari) as a 
case study. This study is interdisciplinary, drawing on ecological (tree and shrubs 
inventories), geospatial (GIS and remote sensing techniques) and social – cultural (focus 
group discussions, questionnaires, and observations) approaches to collect and analyse 
relevant data to explore the study questions. Overall, it was found that the woody vegetation 
of Yankari has changed over time, showing general increase in species of Combretacaea 
family and decline in fodder species. Additionally, it was found that high variability in annual 
rainfall, prevalence of droughts, fire scars, prevalence of, and increase in human activities at 
the boundary of Yankari and 2013 satellite image showed that encroachment has extended 
into Yankari. Fodder s are harvested in Yankari but the extent of harvest varies by species. 
(Afzelia africana and Balanites aegyptiaca are severely harvested). Statistically significant 
relationships were found between core - boundary distance and the harvest rates of A. 
africana (P = 0.0001), and also, distance impacts significantly on recruitment of fodder 
treess in Yankari. The herders in Yankari inconsistently reported on the trends in their 
livestock but had clear knowledge of the preference and availability of fodder trees in their 
surroundings. Additionally, the study found out that many Fulani and their livestock 
undertook major migrations to the local communities in the 1980s and 1990s. Herders are 
aware of the decline in the abundance of fodder trees and have devised temporary migration 
as a strategy to cope with the situation. This study has provided quantitative evidence of 
current threats to West African savannah systems. It has also highlighted areas for further 
investigation as well as showed the need to initiate conservation strategies that will be 
beneficial for both the local communities as well as the conservation goals for Yankari.  
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Introduction 
1.1 Background to study, aim and research questions 
Human interactions with the environment that supports them have had profound impacts in 
many ways. In the last fifty years, ecosystems have changed more rapidly and extensively 
compared to any period in human history, with more than 60% of the world’s ecosystems 
degraded (MEA, 2005). Habitat loss and degradation, over-exploitation of natural resources, 
pollution and disease, introduction of invasive alien species and human-induced climate 
change have been recognized and reported as the five major threats to global biodiversity 
(Sala et al., 2000; MEA 2005; Lopoukhine et al., 2012; IUCN, 2014). Humans have modified 
soils (Tolba et al., 1992; Meyer and Turner 1994), influenced climates (Chase et al., 1999; 
Houghton et al., 1999; Lambin et al., 2001; Lambin et al., 2003; Foley et al., 2005), have 
also affected geomorphic processes and changed water quality and quantities (Moore et., al,  
2009; Goudie 2013).  
The inabilities of humans to protect the natural systems have heightened the threats to 
biodiversity (Secretariat of the Convention on Biological Diversity, 2010). Additionally, in 
the last century, the global population has quadrupled, unsustainable consumption patterns 
and rates of natural resources and waste emissions have increased to a point where human 
consumption is at a faster pace than the Earth can regenerate (Haberl et al., 2007; 
Wackernagel et al., 2002; WWF, 2010). Furthermore, climate change in the last decade has 
emerged as the key environmental and developmental concern of the new millennium. 
Consequently, climate change will exacerbate the other sources of environmental degradation 
and may generate new threats with devastating consequences for both biodiversity and human 
welfare, especially for the poorest and most vulnerable communities and nations (Lopoukhine 
et al., 2012) 
Plant life, more than any other component of the environment has suffered the severest 
impacts from human activities (Goudie, 2013). The structure and functioning of semi-natural 
and natural ecosystems are negatively impacted, posing danger to diversity of plant and 
animal species (Bobbink et al., 1998).  The nature of land-use and land-cover changes are so 
pervasive, when summed globally, they have profound impacts on the functioning of key 
components of the Earth System. Thus human-induced vegetation changes have transformed 
the very nature of landscapes that support them (Hannah et al., 1994; Goudie, 2013).  
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The environmental impact of human-induced pressures is dissimilar in both its nature 
(Behrens et al., 2007; Krausmann et al., 2009; Galli, et al., 2012) and geographic location 
(Erb et al., 2009; Halpern et al., 2008; Hertwich and Peters, 2009). Consequently the changes 
may determine, in part, the vulnerability of places and people to climatic, economic or socio-
political disturbance (Kasperson et al., 1995; Lambin et al., 2001).  
 
The West African Sudan like other ecological zones in the West African savannah, has 
suffered from different types of vegetation changes. These changes are probably the result of 
both natural long-term climatic changes (Nicholson, et al., 1998; Karl 2009) and short-term 
changes such as high inter-annual rainfall variability (Nicholson, 1981) and the droughts of 
the early 1970s and the mid-1980s (Wiggins, 1995; Nicolson 2001; Dai et al., 2004). 
Additionally, the West African Sudan has a long tradition of human use and dependence on 
natural resources; the effects and influence of humans on natural resources is linked to their 
agro-pastoral activities. The natural vegetation is often removed partly or completely to give 
way to cultivation, cattle rearing and wood cutting (Wezel, 2006). Numerous studies have 
reported the decline in tree cover caused by human activities such as mentioned above 
(Scholes and Archer 1997; Hoffman, 1999). More recently, the vegetation changes have been 
documented as a more serious consequence of human activities (Nilsson, 2000; Lambin, 
2003; MEA, 2005; Parry, 2007; Goudie, 2013; IPCC, 2014). Nevertheless climatic impacts 
also pose serious threats to vegetation (Anderson et al., 2004; Veron et al., 2006; Goudie et 
al., 2013). In turn, vegetation change has profound impacts on the rural livelihoods in many 
ways (plants have important role as medicinal, food, firewood, local crafts, fodder, Guinko 
and Pasgo, 1992; Lykke, 1998 Sankaran et al., 2008; Staver et al., 2011). Consequently, the 
negative impacts in vegetation change are evident in the day-to-day survival of rural people 
in the West African Sudan Region. 
 
More recently, many studies (for example, Herrmann and Hutchinson, 2005; Lykke 2006; 
Gaoue and Ticktin, 2009) have explored the perception and indigenous knowledge of rural 
people to understand the threats and solutions to vegetation changes in the West African 
savannah. This method has proved beneficial as it provides quick and reliable information at 
a scale that can range from individual species level (which can be directly used for local 
resource management (Wezel, 2004)) to habitat information. However most of these studies 
have been concentrated in the Sahelian West African savannah. Nonetheless in the West 
African savannah generally, the direct (resource extraction) and indirect (climate warming) 
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anthropogenic activities and the interactions between these threats are complex and poorly 
understood. The study was therefore necessary and timely for this region.  
African nations have established an extensive network of protected areas (WCMC, 2004; 
Newmark, 2008; Lambi et al., 2012) to minimise threatening human activities. Protected 
areas are still known to conserve biodiversity especially in West Africa where most of the 
natural habitats have been converted to farmlands for crop cultivation, urbanization and other 
uses. Additionally, other common challenges facing West African protected areas are linked 
to small isolated wildlife populations surrounded by growing human populations, such as 
human-elephant conflict and human encroachment into the protected areas (IUCN, 2014). 
Protected areas, if designed appropriately and managed effectively, can make a valuable 
contribution to overall efforts to address these challenges (Lopoukhine et al., 2012).  
The Yankari Game Reserve (Yankari), Nigeria is used as a case study. It is representative of 
West African savannah. The availability of baseline data collected in Yankari over 26 years 
ago presents the opportunity to carry out this research. The current study is aimed at assessing 
the processes and drivers of vegetation change in the West African savannah (with particular 
focus on the role of herders and their livestock), aiming to develop mitigation strategies to 
increase ecological resilience of the region. The thesis examines the following key questions: 
 
 What are the ecological changes in woody vegetation of Yankari, Nigeria since 1986? 
 What are the trends in drivers of woody vegetation change in Yankari Game Reserve, 
from the 1980s to 2011?  
 To what degree are the observed changes in the fodder plants likely to have been 
driven by herders ‘activities in Yankari? 
 What are the experiences and perceptions of herders in the local communities 
surrounding the reserve, with regards to trends in their herds and abundance of fodder 
plants?  
 
This study is interdisciplinary. It draws on a combination of the following approaches: 
ecological (trees and shrubs inventories); geospatial (GIS and remote sensing techniques) and 
socio – cultural (focus group discussions, questionnaires, and observations). Data collected 
was analysed using appropriate statistical tools. 
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1.2 Study area 
1.2.1 Brief description of the West African savannah 
Savannahs cover up to 20 per cent of the earth’s land surface; support an estimated one-fifth 
of the world’s human population and most of its rangeland, livestock and wild herbivore 
biomass (Scholes and Archer, 1997). The savannah ecosystem is known for its high diversity 
of large mammals such as elephants, giraffes and many species of antelopes (de Bie, 1991). 
Both the wild and domestic herbivores are heavily dependent on the woody vegetation as an 
important source of food (de Bie, 1991; de Bie 1998), but there are seasonal variations in 
food supply for both grazing and browsing herbivores in the West African savannah. 
Furthermore, because, savannahs are defined as having a continuous herbaceous layer, with a 
discontinuous stratum of disturbance-tolerant woody species (Ratnam et al., 2011), the 
availability of resources such as water and nutrients, and disturbance regimes such as fire and 
herbivory (wild and domesticated) are important in regulating the woody cover (Scholes and 
Archer, 1997; House, et al., 2003; Sankaran et al., 2004). 
The West African savannah ecosystem is part of the Zambesian-Sudanina domain (Geerling, 
1982; White, 1983; de Bie 1998). The annual seasonal rainfall increases toward the equator 
but temperature decreases towards the coasts. Also, vegetation becomes lusher towards the 
coast. The result of this is a three-latitudinal ecological zones of southerly increasingly mesic 
tree species and biodiversity: the Sahel, the Sudan, and the Guinea biome level zone 
(Aubréville, 1950: Gonzalez, 2011) (Figure 1.1). 
 
Figure 1.1: Part map of West Africa, showing the three savannah zones.  Source: Adapted from 
White, 1983.   
Figure 1.1: Ecological map of West Africa, showing the three savannah zones.  Source: Adapted 
from White, 1983.   
The Sahel savannah is characterized by shrubs and thorny tree species with bipinnately 
compound leaves. The Sudan savannah has tropical woodland of trees with pinnately 
compound leaves and dry fruits, while the Guinea savannah is characterized by tropical 
deciduous broadleaf closed-canopy forest of trees with simple broad leaves and moist fruit 
(Gonzalez, 2001). 
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There are two contrasting seasons: the wet and dry season that mainly determine and 
influence plant growth throughout the year. Consequently, savannah ecosystems are 
characterized by the co-dominance of trees and grasses with woody cover as a chief 
determinant of ecosystem properties (Scholes and Archer, 1997; House et al., 2003). The 
growth of woody plants occurs throughout the year with highest growth levels during the wet 
season, and growth of grasses is confined to the wet season (Bourlière and Hadley, 1983), 
with a rapid growth response to the first rains. On the other hand, unlike the grasses, woody 
trees and shrubs produce new leaves before the first rains (Owen-Smith, 1982; Sarmiento and 
Monasterio, 1983). The West African savannah, like other savannahs, is a habitat with a 
luxuriant vegetation growth throughout the wet season but as the dry season sets in the 
vegetation becomes dry, poor and bare in some areas, with attendant impacts such as: reduced 
cover and food scarcity for domestic and wild herbivores (Bourlière and Hadley, 1983). 
The West African savannah ecosystem came under considerable pressure after a severe 
drought period in the early 1970s and in the mid-1980s, with attendant negative impacts such 
as the changes of phenology of the plants, to high numbers in livestock as a result of 
migration from the Sahel zone and to expansion in areas used for cultivation (de Bie, 1998). 
These combined factors, resulted in a process of landscape degradation (Petit, 2003; Gaoue 
and Ticktin, 2007). These changes were particularly damaging because in the West African 
savannah there existed limited local experience with sedentary livestock and hence with 
potential stocking rates, management of grazing systems, their control, and grazing rights, 
compared to the traditional pastoral zone - the Sahel, as the savannah was mainly inhabited 
by sedentary crop farmers and visited by transhumant livestock. 
1.2.2 Brief description of Yankari  
This study was carried out in Yankari North-eastern Nigeria (9°45’16”N, 10°30’37”E; 
9°75′44”N, 10°51′03”E). It is a large wildlife reserve with an area of 2,244 km². Yankari is a 
premier game reserve in Nigeria (Sikes, 1964). It is a very popular eco-touristic destination in 
West Africa (Olokesusi, 1990 and Odunlami, 2000). It was established in 1956 and opened to 
public use in 1962.  
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Figure 1.2: Map of Yankari Game Reserve, Nigeria. 
 
Yankari is a region of rolling hills, mostly between 250m and 450m above sea level. Gaji 
River is the lowest point at 200m and the highest point is Kariyo Hill, at 640m. (Tende et al., 
2009).  
Rainfall in Yankari climate is characterized by the influence of two wind systems; the south-
west monsoonal wind which prevails during the rainy season (May to September) and the 
north-east trade wind during the dry season (November to February). Like most parts of the 
region, annual rainfall averages 900 to 1000 mm, (the 950 mm isohyet passes through 
Yankari) and August is the wettest month with rainfall averaging 160 days per year (Green 
and Amance, 1987). Temperatures are generally high all year round but there exists 
variations between seasonal temperatures; the annual average minimum temperature is 18°C 
and annual average maximum temperature is 33°C during the rainy season. In the dry season, 
night temperatures are between 12°C and 18°C while day temperatures range from 30°C and 
36°C. March and April are the hottest months in the year, having night temperatures range 
between 25°C and 30°C and day temperatures between 38°C and 42°C.  
Yankari lies in the Sudan Savannah zone of Nigeria with the vegetation made up of swampy 
flood plain bordered by patches of gallery forest and riparian forests, and woodland savannah 
(Crick and Marshall, 1981). Geerling (1973) described the Yankari vegetation as belonging to 
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a complex Combretum – Burkea africana woodland. This is characterised by trees and shrubs 
with an open canopy and a matrix of tall annual and tussock forming perennial grasses. He 
also notes the presence of a mosaic of riparian vegetation around the river valleys. The 
vegetation of Yankari can be categorized as thus: to the east of the Gaji River the vegetation 
is classically Sudan type (tropical xerophyte woodland) while to the west of the river, the 
vegetation is a transitional type of the Guinea savannah (dry deciduous woodland). Previous 
studies on the vegetation of Yankari recognized and characterized six vegetation types (Sikes, 
1964); twelve habitat types (Geerling, 1973) and fifteen habitat types (Green, 1987). These 
studies have remained the standard reference documents on the vegetation of Yankari for 
both research and management purposes. Yankari also has a large and diverse freshwater 
ecosystem around its freshwater springs as well as the Gaji River. The numerous natural 
springs and the Gaji river valley support a far more lush vegetation than normally found in 
the Sudan savannah zone. The major woodland species are Combretum nigricans, 
Combretum glutinosum, Combretum molle, Afzelia africana, Burkea africana, Pterocarpus 
erinaceus, Pterocarpus suberosa, Isoberlina doka, Monotes kestingii, Detarium microcarpus 
and Anogeissus leiocarpus. Hyparrhenia involucrate and H. bagirmica  are the dominant 
grasses. In the riparian forest, Khaya senegalensis, Vitex doniana, Acacia sieberiana, 
Tamarindus indica, Borassus aethiopium and Daniella oliveri dominate. Large 
monodominant stands of Pteleopsis habeensis occur uniquely in Yankari. In the seasonally 
flooded fadamas, Ficus spp. and Mitragyna spp. are the dominant trees, while tangles of 
Mimosa pigra dominate the shrub stratum. 
Yankari is known for its diverse and charismatic wildlife including elephants (Loxodonta 
africana), lions (Plantshera leo), hippopotamus (Hippopotamus amphibious), African buffalo 
(Syncerus caffer), a wide variety and number of antelopes like waterbuck (Kobus defassa), 
western hartebeest (Alcelaphus buselaphus), spotted hyena (Crocuta crocuta), olive baboon 
(Papio Anubis), warthog (Phacochoerus africanus) and mongoose (Herpestes spp) 
(Odunlami, 2000; Odunlami, 2003). Yankari has the largest viable number (estimated as 350 
individuals) of elephants in Nigeria (Omondi et al., 2006; Bergl et al., 2011) and one of the 
largest remaining in West Africa (Bergl et al., 2011). Yankari has been designated an 
important bird area (IBA) in Nigeria with over 337 bird species (Ezealor, 2002). Saddle-
billed Stork (Ephippiorhynchus senegalensis), martial eagle (Polemaetus bellicosus), 
Abyssinina ground hornbill (Bucorvus abyssinicus), Narina’s trogon (Apaloderma narina) 
(Olokesusi, 1990), are some of the species. In addition, several species of fish (26), 
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amphibians (7) and reptiles (17) have so far been identified in Yankari. The African rock 
python (Pythons. Sebae), the Nile crocodile (Crocodylus niloticus) and the Nile monitor 
lizard (Varanus niloticus) are quite common (Geerling, 1973; Green and Anadu, 1987).  
Apart from its large biological diversity, Yankari has many interesting archaeologic and 
geographic features such as the Dukkey Wells, Marshall Caves, Tunga Iron Smelting, Kalban 
Hill, Kariyo Hill, Paliyaram Hill and the Tonlong Gorge. Yankari is also famous for the 
“Wikki warm spring”. The Wikki spring has a daily flow of 21,000,000 litres of clear, spring 
water into the Gaji River and has a constant temperature of 31.1°C throughout the year and 
has been developed for recreation (Nihotours, 2000).  
Yankari is an ‘island’ without a buffer zone and surrounded by many villages. There has not 
been any habitation in Yankari for over a century, but from inception it has been traversed by 
game viewing tracks that link communities across the reserve and by which local 
communities access and utilize natural resources within the reserve. Farmers and herders 
populate the local communities that surround Yankari, other inhabitants engage in hunting 
and small-scale trading. The local communities rely on the natural resources in the reserve for 
their sustenance, directly or indirectly (Tende et al., 2011) 
Previous studies have described the nature of the interaction and have recommended that 
urgent actions should be taken to minimize the illegal activities from the local communities 
(see Green, 1987), but nothing was done. A recent study has highlighted the frequency of 
human utilization (lopping) of tree species in the reserve; coincidentally these species are also 
evidently browsed by wild stock (Tiseer, 2009). The threats to Yankari are many: poaching 
remains a major threat to large mammals in the reserve - illegal fishing occurs in the rivers 
and numerous ponds and pools during the dry season – as well as grazing of livestock in the 
reserve by Fulani herdsmen (WCS, 2013; 2014). 
Yankari is a traditional game reserve strictly under government control and has been, since its 
inception in 1962. First it was managed by the Northeast Government and the Bauchi State 
government. In 1991, it went under the Federal government of Nigeria as the largest National 
Park. Yankari was returned to the Bauchi State Government in 2006. However, the Wildlife 
Conservation Society (WCS) has signed a memorandum of understanding with the Bauchi 
state Government and has taken over the management of Yankari for a period of 4 years - 
from 2014 to 2018. Throughout these years from inception till now, Yankari has remained a 
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strict government reserve and culprits caught trespassing in Yankari are arrested and fined 
depending on the level of activity and offence committed.  
Yankari is an ideal case study for this research because it is a significantly protected area both 
for Nigeria and West Africa. It is situated in one of only five countries in West Africa with 
lion populations (Henschel et al., 2010; BBC, 2014). Yankari serves as a choice venue for 
government retreats and field trips for students of all levels of education. Additionally, 
various studies have been conducted and documented on various aspects of Yankari ranging 
from the floral, faunal and eco-tourist facilities, one of which serves as the baseline for the 
present study. Yankari, like many protected areas in West Africa is faced with poaching, 
illegal wildlife trade, over-grazing, human-elephant conflicts, effects of climate change, 
shortage of funds for effective management, etc. (Agbelusi,1994; Newmark, 2008; Meduna et 
al., 2009). Some plant and animal species in Yankari have been recognised by the 
International Union for the Conservation of Nature (IUCN) as threatened. Historically, 
records show that eight species of large mammals (African hunting dog, leopard, cheetah, 
giraffe, western kob, Korrigum, red fronted gazelle and bohor reedbuck) have become locally 
extinct in Yankari. 
Yankari can serve as a model and as an example if managed effectively, because the threats 
she faces are similar to many of the protected areas in the West African savannah. A study 
done in Kainji National Park, Nigeria (see, Meduna et al., 2009), revealed that livestock 
grazing, farming on parkland, fishing, fuelwood collection, fodder collection and logging are 
the main threats the park faces from the villages surrounding it. In a related study on the W-
Arly-Pendjari WAP complex which straddles the borders between Benin, Burkina Faso, 
Niger and Togo, in West Africa (Clerici et al., 2007), the study found that despite the 
effectiveness of the park conservation programme, the WAP complex is decreasing its 
potential capacity to conserve species richness this is as a result of rapid and extended 
agricultural expansion taking place around the complex. 
1.3 Thesis outline  
This thesis is split into four result chapters excluding an introduction and a general 
discussion. The chapters, whilst standing alone, provide evidence for the processes and main 
drivers of woody vegetation in Yankari. The thesis begins with a general introduction 
(background and rationale, description of study site). The next chapter details general 
findings from the resurveyed vegetation transects and additional plots in Yankari 26 years 
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after the initial study was done (Chapter 2). As a continuation of further investigations on 
causes (drivers) of the changes highlighted by Geerling (1973) and Green (1986) and evident 
from Chapter 2, the third chapter focuses on exploring the trends in potential drivers of 
woody vegetation change in Yankari. The fourth chapter focuses on the impacts of herder 
harvests on the fodder plants in Yankari, looking at the pattern and extent of herder’s harvest. 
The fifth chapter, explores the perception of the settled/migrant herders in Yankari on trends 
in their herds and availability of fodder plants in their surroundings. The sixth chapter 
describes the implications of the study. It details recommendations for further research, and 
outlines strategies for conservation in Yankari. 
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Ecological changes in woody vegetation of Yankari Game Reserve, Nigeria (1986 to 
2011) 
Abstract. 
An ecological study to investigate changes in the woody vegetation of West African Savannah 
was done. The Yankari Game Reserve, Nigeria was used as a case study. The study 
investigates spatio-temporal changes in woody vegetation of Yankari, Nigeria since 1986. 
Green (1986) established five permanent vegetation transects in Yankari Game Reserve to 
collect baseline data and for long term ecological monitoring. However no surveys have been 
conducted since then. In Oct – Nov. 2011, a resurvey of the original transects Green 
established in 1986 was conducted. Additional transects (replicates) were established also in 
the reserve. Point centre Quarter method and the plot methods were used to estimate key tree 
and shrub species and to compare their current distribution and abundance with those 
reported by the previous study. Parameters for data collection included species identification, 
trees diameter and tree heights. Comparison of results for both surveys (1985, 2011) were 
done using the R software and Excel tools.  Relative densities and basal areas were 
calculated between the two periods (1985, 2011). Additionally, the study also characterized 
the current species composition using size class distribution, species accumulation curves 
and the non-metric multidimensional scaling (nMDS). Furthermore the study assessed 
changes in vegetation cover from four Landsat images of Yankari using remote sensing 
techniques (The Normalized Difference Vegetation Index = NDVI). The results show an 
overall increase in mean basal area in most of the species belonging to the family of 
Combretacaea and high reductions in mean basal area in the species highly utilize as fodder 
to feed livestock. The sub habitats in Yankari are similar in species composition. Combertum 
nigricans and Combretum glutinosum are wide spread in Yankari. The results from the 
ANOVA test run, reveal adifferences across the four years, even at 0.001 interval level (p = 
0.0001). TukeyHSD’s pairwise comparison showedsignificant difference between the mean 
NDVI values of the Year 2012/2009 and Year 2012/2000. It will be beneficial to further 
investigate the causes of the changes in the composition and structure of the woody 
vegetation of the Yankari.  
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2. 1 Introduction 
Change in tree cover directly affects the global carbon budget, biodiversity and ecosystem 
function. Many studies have reported extensive deforestation worldwide (Carr, 2009; Aide et 
al., 2013), yet other studies have documented local forest recovery (Chazdon, 2008, Walker, 
2012; Aide et al., 2013). These contrasting dynamics have been largely connected to human 
population, and social and economic changes. Humans have interacted with and altered the 
vegetation structure more than any other components of the landscape. Vegetation changes 
have been widely recorded for different ecosystems throughout the world (Ucla ioes Senior 
Practicum, 2012; Mitchard and Flintrop, 2013; Brandt et al., 2014). While some studies 
report declining and disappearing species at different scales (Wezel and Lykke, 2006; Luz et 
al., 2009; Spiekerman et al., 2015), others suggest that species are increasing in abundance 
(Lykke, 1998; Mitchard and Flintrop, 2013). Effects of these declines/increases manifest in 
all aspects of their livelihoods: in food, medicine, fodder, construction; and ultimately 
altering ecosystem function and causing habitat loss. Whether species are decreasing or 
increasing, acquiring an understanding of the most important drivers and their interactions in 
the environment, can potentially inform conservation strategies for ecological resilience. 
The forest resource assessment (FAO, 2010) report, stated that on average, 49 countries in 
sub-Saharan Africa lost 0.5% of their forest cover from 1990 – 2000 (FAO, 2010). Similarly, 
in the period 2005 – 2010, only seven of the 49 countries reported forest area gain. These 
forest-gain countries are small in size, and represent only 0.45% of the total area of sub-
Saharan Africa (FAO, 2010). Other studies also recorded evidence of recent deforestation and 
land cover reduction in this region (Mitchard and Flintrop, 2013). Although the global rate of 
deforestation has slowed down in the last decade, the reported global figures are still 
alarming (FAO, 2014). For example, the deforestation rate in Africa is four times the world's 
average, an estimated 18 million acres (7.3 million hectares) are lost each year, according to 
the United Nations Food and Agriculture Organization (FAO, 2014). 
 
Forest resources play a vital role in maintaining the ecological balance and environmental 
setup. Over-utilization of these resources has resulted in their depletion, and consequently in 
the loss of overall environmental conditions (Kumar, 2011). This challenge is made all the 
more urgent by ongoing and escalating loss of biodiversity (Kumar et al., 2010). The changes 
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in forest cover are a matter of global concern due to its ability to promote the role it plays in 
the carbon cycle (Kumar, 2011). 
 
In the West African savannah, agro-ecological systems form the basis of sustenance for 
humans and livestock. Savannahs in West Africa flourish during the wet season when there is 
abundant vegetation, and lose their leaves or reduce productivity in the long, dry months  
with associated food scarcity for domestic and wild herbivores (Bourlière, 1983). Woody 
vegetation in the savannah zone provides an important source of food for these herbivore 
species (De Bie, 1991). Therefore, the West African savannah shows great seasonal 
variations in food supply for both grazing and browsing herbivores.  
 
The West African savannah ecosystem has come under considerable pressure after severe 
drought periods in the 1970s and 1980s (Wand et al., 2000; Sinclair 1979; Barnes et al.,1982; 
Gandah et al., 2003; Lykke, 2006). This has resulted in a combined process of degradation, 
where droughts have induced the replacement of perennial plant species by annual species 
and of species with high water requirements by drought-tolerant species (de Bie, et al., 1999). 
Following the drought, there has been an increase in livestock numbers, mainly cattle and 
sheep, as a result of increased migration from the Sahel zone. This, coupled with the 
eradication of diseases (Trypanosomiasis and river-blindness) and more effective medication, 
has resulted in increased grazing pressure by livestock in areas not historically available for 
grazing and an expansion of the area used for cropping (de Bie et al., 2002). Most previous 
studies on droughts have concentrated on the Sahel ecosystem (LeHouérou, 1980; Cissé, 
1988; Wezel and Lykke 2006, Gonzales et al., 2012 and Spierkerman et al., 2015).  
Previous vegetation studies in the Yankari (see  Sikes, 1964; Afolayan, 1980; Geerling 1973; 
Green, 1987; Abdullahi et al., 2009) have focussed on vegetation classification and 
description of the general threats facing the vegetation. Increase in the magnitude of 
indicators of these threats have been described (Longtong, 2008; Omondi et al., 2006; Bergl 
et al., 2011; Nyanganji et al., 2012). The author also observed that Yankari is still under 
many threats, mostly from poaching and grazing of cattle, and seasonal nomads heighten 
these threats. There is a lack of recent evidence about the status of the park vegetation and 
changes since the previous period of study. There are patrols by the WCS, but they do not 
provide reliable quantitative evidence. Although Landsat imageries have been available since 
the late 1970s, the previous vegetation studies did not use them for the surveys at the time.  
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The classification of the woody vegetation of Yankari as shown in Table 2.1. 
Table 2.1: Previous studies on woody vegetation classification of Yankari Game Reserve, Nigeria. 
The classification are described by numbers 1-5. 1 represents the same vegetation type in all four 
studies, likewise 2, 3, 4, 5 and 6. PCQM = Point Centre Quarter Method. 
Study Survey method Parameters Recorded Vegetation Description 
Keay 1961 Unknown Unknown 1 Vegetation main Type 1 
2  Vegetation main Type 2 
3  Shrub savannah of sub-sudan 
Zone 
4  Sub sudan zone 
Tuley 1970 Unknown Unknown Afrormosia -Detarium savannah 
woodland 
Geerling 1973 Step wise method Presence/absence of 
canopy cover, height 
of canopy and plant 
species were identified 
1 Afzelia savannah woodland 
2  Combretaceous savannah 
woodland 
3  Combretaceous shrub savannah 
4  Detarium savannah woodland 
5  Riparian vegetation 
Green 1986 PCQM Plant species were 
identified, DBH 
measured and the 
distance of plants from 
the pointer were 
recorded 
1  Afzelia savannah woodland 
2  Combretaceous savannah 
woodland 
3  Combretaceous shrub savannah 
4  Detarium shrub and tree 
savannah 
5 Gaji River complex 
6  Tonglong Gorge complex 
 
 
  
The works of Geerling (1973) and Green (1986) remain the standard reference documents on 
the vegetation of Yankari, but these studies are about 38 and 25 years old respectively, and no 
longer provide reliable information on the current situation. Additionally, the management 
plan for Yankari (Green and Amanche, 1987) is about 30 years old and has neither been 
updated nor reviewed.  
Furthermore, the reports of both Geerling (1973) and Green (1986) have also highlighted 
some concerns: Geerling (1973) noted that although Acacia ataxacantha was heavily 
browsed by elephants during the dry season, the vegetation was able to regenerate during the 
wet season. Green and Amance (1987) noted that the main concern at the time was that 
elephants were killing Borassus aethiopum and Adansonia digitata faster than they were 
regenerating. Additionally, the authors also reported on the extensive die-off of trees and 
shrubs in the savannah woodland as a consequence of the droughts, and added that even 
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though the vegetation was vulnerable to frequent fires, drought was a key factor in the die-off 
of the trees. This is evident by some drought-resistant species (Balanites aegyptiaca and 
Sterculia satigera) surviving at the time (Green and Amance, 1987).   
Green (1986) established five permanent vegetation transects at Yankari in order to collect 
baseline data, as well as for long term ecological monitoring. However, no comprehensive 
surveys have been conducted since 1986. The baseline data collected by Green (1986) 
therefore provides the background to this research. This study investigates spatio-temporal 
changes in woody vegetation of Yankari, Nigeria since 1986. The following objectives guide 
this investigation. 
 
The present study focuses on Sudan savannah in the West African an important droughts 
prone area to investigate changes in the woody vegetation species. The rationale behind the 
study choice is based on the limited assessments in the West African savannah. This study 
investigates and quantifies the processes of woody vegetation change by combining direct 
measurements of trees and shrubs and also satellite images. The study will further aid regular 
monitoring of climatic and ecological changes as well as the dynamics of other stressors in 
order to determine effective response strategies that can help to better protect ecosystems and 
ensure greater species survival. 
 
 To measure and estimate abundance of the most abundant tree and shrub species in 
Yankari. 
 To re-survey and compare the current distribution and abundance of key species 
(across the sub habitats) with those reported by Green (1986).  
 To investigate changes in vegetation cover for Yankari using remote sensing. 
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2.2 Methods 
 
2.2.1 Study design: Yankari woody vegetation composition and distribution 
 Sixteen most dominant (Dominance is the degree of predominance of one or few species 
compared to its competitors in an ecological community. The species are numerous to form 
the bulk of the biomass. It also implies that the species not only make a major contribution to 
the total biomass of the plant community but also tends to impact the environment as well as 
influence the quantity, distribution of the associated flora and fauna (Grime et al., 2014). 
Dominance can be measured as either counting individuals of seedlings or estimating 
biomass / basal area is for of large trees). woody plants were reported by Green (1986): 
Afzelia africana, Combretum glutinosum, Combretum nigricans, Bossia salicifolia, 
Ptericarpus erinaceus, Detarium microcarpum, Strychnos spinosa, Combretum molle, 
Terminalia laxiflora, Khaya senegalensis, Balanites aegyptiaca, Ptericarpus suberosa, 
Anoggessius leiocarpus, Crossopteryx febrifuga, Tamarindus indica and Burkea africana. 
Additionally, this study identified six main vegetation types in Yankari at the time: 
Combretaceous tree savannah, Afzelia savannah woodland and Combretaceous shrub 
savannah, Detarium shrub and tree savannah, Gaji river complex and Tonglong gorge 
complex, which are largely defined by the abundant species. However, the resurvey 
measurements in this study focused on only four out of the six vegetation types 
(Combretaceous tree savannah, Afzelia savannah woodland, Combretaceous shrub savannah, 
Gaji river complex). Furthermore, the dominant woody plants mentioned earlier are classified 
into the following ecological types: herder and elephant preferred (HE), prone to fire and 
drought (DF) and others, neither belonging to HE or DF (O) (see Table 2.2). The assigned 
codes (HE, DF and O) to these classes are for ease of identification and discussion. This 
classification is based on intensive literature search (Le Houerou, 1980; Cooper et al., 1988; 
Bayer, 1990; de Bie 1998; Swaine, 1992;  Lykke, 2000; Bond and Midgley 2003; O’Connor 
et al., 2007;  Ouédraogo-Koné, 2008), providing the basis that these species can be 
considered under these ecological groups in this study.  
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Table 2.2:  Categories of dominant plants in Yankari designed for this study 
 
S/No Elephant + Herder  pref.(HE) Drought + Fire (DF) Others (O) 
1 A. africana C. glutinosum B. salicifolia 
2 P. erinaceus C. fragrans D. microcarpum 
3 S. spinosa C. molle T. glaucescens 
4 K. senegalensis B. aegyptiaca P. suberosa 
5 B. aegyptiaca A. leiocarpus G.senegalensis 
6 T. indica C. febrifuga  
7  B. africana  
 
 
2.2.2 Survey plan 
Data was collected using vegetation surveys and remote sensing imageries. An inventory of 
woody vegetation was carried out in the two main habitats (see, chapter 1) of Yankari. To 
reduce bias, the author used the same methods and the same locations as Green’s 1986 
survey, for the point centre quarter method (PCQM) survey (see, 2.2.2.1). Additionally, a plot 
method was used to give a more robust sampling, and extended the sampling to cover the 
riparian forest. To supplement the data from the field survey, remote sensing images were 
downloaded from the United States Geologic Survey (USGS) website. Image classification 
and processing were duly carried out and procedure is discussed in greater detail in Section 
2.2.2.4. 
2.2.2.1 Green’s survey (1986) 
Green (1986) reported that PCQM (Cottam and Curtis, 1956; Muller-Dombois and Ellenberg, 
1974), was chosen for its rapidity, simplicity and relative accuracy. Contrary to the plot 
method, plot-less methods, such as PCQM, involve measuring distances for a random sample 
of trees, typically along a transect, and recording the characteristics of interest for the sample 
(Michell, 2007). The PCQM is perhaps the most popular of the plot-less sampling techniques. 
Each point represents the centre of a measurement. From the centre (pointer) a compass is 
used to define four quadrants. The closest plant from the pointer in each quadrant is 
determined, and distance between the plant and the centre is measured, along with the 
diameter at breast height (DBH) which is used to estimate the area covered by the plant. 
Typically, four plants are measured at each sample point. Figure 2.1 is an illustration of the 
PCQM. 
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Figure 2.1: Typical point centre quarter method  
 
In August five transects were erected (Green, 1986) to collect baseline data for future 
monitoring of the vegetation in Yankari .The baseline data were collected in September and 
October 1986. This period marks the end of the wet season, and the vegetation is easy to 
identify. Green’s choice of transect locations may have been influenced by the different sub-
habitats in the Yankari. Samples were collected at only five locations in Yankari at the time.  
However, the author reported to have had logistical limitations, and the plan was that the 
survey would be repeated every four/five years. All five transects were located adjacent to 
game viewing tracks. Sampling points occurred along the compass traverse at ten pace 
intervals. This was chosen to satisfy the requirement that ‘an individual plant must be located 
within each quarter of each sampling point and an individual plant must not be measured 
more than once (Green, 1986). Seventy five points were surveyed per transect. The first four 
transects were divided into four segments (25, 25, 13 and 12). Transect 5 had six segments of 
13 and 12 sampling points; this was to avoid extending into a different vegetation type, 
Figure 2.2.   
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Figure 2.2:  Point centre quarter method sampling design for woody vegetation baseline survey of 
Yankari Game Reserve, Nigeria (Green, 1986). 
300 woody plants (four samples per measurement point) were measured per transect (> 10.0 
cm DBH are considered mature plants <10.0 cm DBH are saplings and 2 m in height). Plant 
species were identified, DBH measured and the distance of plants from the pointer were 
recorded. Breast height (DBH) is generally measured in estimation of trees as stem diameter 
1.30 m above the ground (Kankare et al., 2013 and Castaño-Santamaría, Javier, et al., 2013). 
In the context of this study, the same estimation was used to sample adult trees and saplings. 
However only saplings starting from 2 m height were included in the measurement of breast 
height.   
 
2.2.2.2 Authors’ survey (2011) 
Field measurements were carried out between 6th October and 9th November 2011 in Yankari, 
Nigeria. The expectation was that the state of the vegetation would be relatively comparable 
with Green’s (1986) survey, which was conducted between September and October 1986. 
The transects that Green originally laid were re-surveyed, and additional measurements were 
taken within the same sub-habitats. A topographic map and the infrastructure map of Yankari 
(Geerling, 1973 and Green, 1987) served as guides to trace the original transects. GPS co-
ordinates and elevation were recorded at each point. In transect five, the pole which Green 
(1986) reported as having been erected, was discovered; this further assured the author on 
precision on Green’s transect locations. Same measurements and procedures were used in 
each transect, as shown in figure 3. 
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Figure 2.3:  Point centre quarter method sampling design for woody vegetation re-survey of Yankari 
Game Reserve, Nigeria  
 
Sample units were measured and four points were marked and re-surveyed with the PCQM 
(Figure 2.3). The major difference between the two surveys, was the interval between 
sampling points. Green (1986) used 10 m, whilst the recent survey used 20 m. During the re-
measurements, the author encountered many plants overlapping between points, possibly as a 
consequence of structural habitat change (Noss, 1990). As a result, the measurements were 
adjusted to 20 m intervals. The same parameters as Green’s (1986) were measured: species 
identification, tree diameter, tree height, and distance from the pointer. Indicators of human 
activities (lopping, logging, and stumps) were also recorded, photographed and mapped 
(Figure 2.4). Thirty six points were recorded in each transect, covering a total surveyed area 
of 720 m2. All sampled plants species were confirmed and identified by the late Dr Tiseer, a 
plant taxonomist in Ahmadu Bello University Zaria – Nigeria.   
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Figure 2.4: Vegetation map of Yankari showing sample point locations. The sketch map from 
Geerling (1973) and Green (1986) served as base map, while the sample points were from the surveys 
of Green (1986) and author (2011). Red dots are baseline survey points taken in 1986, and resurveyed 
in 2011, while the orange dots show additional survey points (2011). 
 
2.2.2.3 Plot methods 
Plots were laid adjacent to the original transects established by Green (1986); the purpose of 
this was to examine within-vegetation type variations. Samples were taken 50 m from the 
surveyed track to avoid any biases that may affect the habitat as a result of the track. In each 
transect, 10 plots (20 x 20 m), of five plots each separated by 200 m distance were surveyed 
(see, figure 2.5).  
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Figure 2.5. Plots sampling design for woody vegetation of Yankari Game Reserve, Nigeria. Each 
grey square represents a 20 X 20 m plot. A = sample design for Combretum tree savannah; Afzelia 
tree savannah; Combretum shrub savannah and B = Riparian vegetation  
 
The interval between any two plots was 20 m. Stratified random sampling (two transect 
locations within a sub habitat) was employed to establish more sampling units; this was to 
ensure a good representation of the total area of the sub habitat. A total number of 115 plots 
were surveyed; 100 (10 plots per transect) plots in the savannah vegetation and 15 (5 plots 
per transect) plots in the riparian vegetation. The reason for fewer plots in the riparian plot 
was because the riparian forest is only a strip and therefore could not accommodate 10 plots. 
In each plot, all tree species were identified, tree diameters and heights were measured and 
recorded. Most plants were identified by Dr Onoja Joseph, a research associate with 
APLORI, and Mallam Yankasta, who supplied the Hausa names of some tree and shrub 
species. Both men have extensive experience working with the late Dr. Tiseer on the 
vegetation in Yankari. Dr Tiseer confirmed the identification done by the duo before his 
demise. 
 
2.2.2.4 Image classification and processing 
Ecologists recognize the need to understand ecosystems based on assessing their functioning 
over long time scales (Oldfield et al., 2000). Remote sensing tools offer the important means 
to enhance change detection in ecosystems (Jensen et al., 2004). However, the need to 
incorporate spatial and temporal information, relationships, and quantifications of physical 
habitats are critical components of any study that analyses a changing landscape. Past studies 
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have demonstrated the potential of using Normalized Differential Vegetation Index (NDVI) 
The NDVI is used to simply and quickly identify vegetated areas and their condition, and is 
the most used index to detect live green plant canopies in multispectral remote sensing data. 
The NDVI is calculated with the formula:  
Where VIS and NIR stand for the spectral reflectance measurements acquired in the visible 
(red) and near-infrared regions, respectively to study vegetation dynamics (Townshend and 
Justice, 1986; Verhoef et al., 1996).  
The previous authors illustrate the value of using high temporal resolution Multispectral 
Scanner System (MSS) imagery to monitor changes in wetland vegetation and document the 
importance of image temporal frequency for accurately detecting forest changes in the south-
eastern United States (Elvidge et al., 1999 and Lunetta et al., 2004). With the advent of 
MODIS NDVI 250 m data, time series data analysis can be adapted for higher (moderate) 
resolution applications. However, the utility of the MODIS NDVI data products are limited 
by the availability of high quality (e.g., cloud free) data (Jin and Sader, 2005). 
The author downloaded Landsat images from the United States Geological Survey (USGS) 
website. Four Landsat 7 (EMT+) images for years 2000, 2004, 2009 and 2012 were selected 
based on the time of year, cloud cover and avoidance of censor calibration problems. These 
images were unzipped and stacked using ERDAS IMAGINE 2013 to produce the image 
(.img) that was read in ArcGIS 10.1. The Normalized Differential Vegetation Index (NDVI) 
were created using ERDAS IMAGINE for each of the selected images, and displayed in 
ArcGIS 10.1. The fishnet tool in the ArcGIS 10.1 was used to create sample points at X–Y (2 
X 2 km).  The position of the points were adjusted, to avoid the missing data caused by the 
scan line corrector failure (SLC). A comparison of point locations across four images and 
manually moving/repositioning those occurring over clouds or cloud shadows was carried 
out. The NDVI pixel values from each image at the point location were extracted. The 
abnormalities in values were checked and corrected (modified their location) while others 
were excluded from analysis  
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2.2.3 Data analysis: 
The author used ArcGIS 10.1, ERDAS IMAGINE 2013, R version 3.0.1, Microsoft EXCEL 
2013 software packages to analyse both the remote sensing data and field data collected for 
this chapter.  
 
Characterization of biodiversity through inventories can be useful in the planning of 
operations that aim to conserve biodiversity (Belbin and Collins 1995; Faith and Walker, 
1996; Kelema, 2010). Species richness is an important index in characterizing the number of 
species in a community (Whittaker, 1972; Hubbell, 2001). A change in species diversity is 
often used as an indicator of anthropogenic or natural disturbances in an ecosystem (Liu and 
Brakenhielm, 1996; Kalema, 2010). Therefore, the species accumulation curves were used to 
determine the alpha and beta diversity (Whittaker, 1972) of the 115 sampled plots across the 
sub-habitats that were studied.  
The size class distribution (SCD) of 16 top (most abundant) species were analysed, based on 
the dataset from the 2011 re-survey of Yankari. SCD analysis followed the method used by 
previous authors (Condit et al., 1998; Lykke, 1998). Plant diameter at breast height (DBH) 
was used as an indicator of the growth potentials of the top species. DBH was calculated for 
individual species, and the sum across all plots were used to plot the bar graph for each 
species. The DBH were grouped into seven classes ranging from 0 to 61cm: 0-10 class 
describes saplings with DBH = >10 cm/2 cm height and 11-20cm to 61& above are trees with 
DBH is < 10cm). Bar graphs were plotted for each species to allow visual comparison. The 
shape of the population structure of each was interpreted following Everard et al., (1995); 
Obiri et al., (2002), Mwavu and Witkowski, (2009).  
 
Non-metric Multi-dimensional Scaling (nMDS) (see, Gauch, 1982) was used to visualise the 
relationships (dissimilarities and similarities) across the four sub-habitats of Yankari. Data 
collected from the riparian forest was included to this analysis. The vegan ordination package 
was used to plot the graphs. Mean basal area (BA) was used to compare the current 
distribution and abundance of key species with those reported by Green (1986). The baseline 
did not give room for robust statistical analysis as the absolute figures of the survey were not 
available to the author during the time of this study. Therefore the best comparison between 
the mean BA for the two studies relied on a basic estimation. 
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The relative basal area could not be compared, as the baseline did not provide absolute values 
to work with. The baseline study provided summaries of the data collected in 1986 (relative 
densities, relative BA, total counts of trees, etc.), therefore, options of data analyses were 
limited and comparison were made only between the mean basal area and standard errors.  
The BA of individual species were multiplied by the number of plants recorded by Green 
(300), the figures were divided by the number of plants earlier recorded by the author (144). 
X * 300/144. This was to enable the author calculate the mean BA for each sub habitat per 
period (1986, 2011) and work out the standard errors. Bar graphs were plotted in Excel. The 
same standard errors were used for the two periods, because they were not available for the 
Green (1986) data.  
 
Finally, to investigate the spectral changes in the vegetation cover in Yankari from Landsat 
remote sensing images, the NDVI values of four years were created (2000, 2004, 2009 & 
2012) from Landsat 7 (+EMT). The NDVI values were used as indicators of temporal 
changes. ANOVA was used to test the variation between years. A pairwise comparison using 
TukeyHSD was used to detect where the difference lay. The Tukey confidence interval was 
plotted to show the significance level. 
 
2.3. Results:  
2.3.1 Spatial and temporal comparisons of field surveys (1986 and 2011)  
2.3.1.1 Species richness for 2011 plot survey  
Figures 2.6 (a – d) show estimates of species richness in each sub-habitat. Combretum tree 
savannah and Afzelia tree savannah show higher beta diversity, Riparian Forest show 
moderate beta diversity and Combretum shrub savannah show very low beta diversity and on 
the contrary high alpha diversity.  
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Figures 2.6 (a - d):  Figure: Comparison of Species – accumulation curves of four sub – habitats in 
Yankari Game Reserve, Nigeria. y – axis represents the number of species sampled while the x – axis 
represents the sub - habitats sampling was carried out. a = Combretum tree savannah; b =Afzelia tree 
savannah; c = Combretum shrub savannah; d = Riparian vegetation. Yellow boxplots: species richness 
by stratified random sampling. Light blue polygon: 95% confidence interval of species richness  
 
2.3.1.2 Size class distribution of sixteen of the dominant woody plants species 
SCD of the 115 plots surveyed are presented in figure 2.7.  DBH of 0 – 10 cm is the dominant 
class; this shows that more shrub species than tree species dominate the habitats of Yankari, 
Nigeria. Nevertheless some species (A. africana, K. senegalensis, B. aegytiaca and A. 
leiocarpus) have some trees in larger size classes but show abnormal structures.  
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Figure 2.7: Size-class-distribution of sixteen dominant woody plants as suggested by baseline study (see, Green 1986) in Yankari Game Reserve Nigeria. 
These dominant species were categorized according to threat groups: HE = herders and elephants preferred species; DF = drought and fire prone species; O = 
neither. DBH was calculated for individual species and the sum across all plots was used to plot the bar graph for each plants. Size-classes are shown on the 
x-axis and number of individuals on the y axis.  
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Comparison of BA per hectare across the sub habitats for 1986 and 2011, show an increase of 
species abundance in two (Combretum tree savannah and Combretum shrub savannah) of the 
three habitats and a reduction in Afzelia tree savannah, Figures: 2.8 
 
Figure 2.8: Comparison of Basal Area per sample area (per hectare) for vegetation surveys in 
Yankari (1986 and 2011). Results from the two way paired t-test shows no significant reduction in 
basal area between the two surveys (p > 0.05). Data represent mean values of BA per total sample 
area on Y axis and for the two periods across sub habitats (CMTS, AFTS and CMSS) locations on the 
x-axis. CMTS = Combretum tree savannah, AFTS = Afzelia tree savannah and CMSS = Combretum 
shrub savannah.  
 
Results of the comparison of basal area per sample area for species of category HE (species 
used as fodder) across the sub-habitats shows clearly, the changes that occurred between the 
two periods. However, the results from the two way paired t-test shows no significant 
reduction in basal area between the two surveys.  
Only A. africana and S. spinosa were recorded for the two periods. B. aegyptiaca, P. 
erinaceous and T. indica were not recorded in the locations Green (1986) surveyed (Figure 
2.9)
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Figure 2.9: Comparison of Basal Area per sample area (m2) of the 16 dominant woody plants (minus Khaya senegalensis) in Yankari (1986 and 2011). Data 
represent mean values of BA per total sample area for the two periods across sub habitats (CMTS, AFTS and CMSS). CMTS = Combretum tree savannah, 
AFTS = Afzelia tree savannah and CMSS = Combretum shrub savannah. HE = species preferred by herders and elephants: DF = species that are prone to 
drought and fire: o = other species not belonging to either of the two groups. 
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2.3.1.3 Non-metric multi-dimensional scaling of 16 top species  
The nMDS indicated clear vegetation dominance by one vegetation type, characterized by 
Combretum species. This was revealed in general terms by the overlapping of the sub habitats 
(Figure 2.7). Results for spatial comparison of sub-habitats revealed the composition of the 
species, together with a significant similarity for the savannah sub-habitats. It also showed 
that some species were common to both savannah and riparian forest, as seen in the overlaps 
in figure 2.10. CMTS and CMSS are the closest in similarity, as approximately 75% of the 
total area of CMSS overlap with CMTS. The AFTS sub-group also shows an almost 50% 
similarity to the CMTS. The most dissimilar habitats are the RP and the AFTS, as they do not 
overlap at any point and are the farthest from each other. 
Figure 2.10: Non-metric multidimensional scaling (nMDS plot, Stress = 0.24) on the basis of the 
Bray-Curtis dissimilarity measure calculated count data of the sub habitats in Yankari Game Reserve, 
Nigeria. RP: riparian forest, CMTS: Combretum tree savannah; AFTS represents Afzelia tree 
savannah and CMSS represents Combretum shrub savannah. Species are in red letters: KYSN = 
Khaya senegalensis; AFAF= Afzelia Africana; TRIN = Tamarindus indica; ANCL =Annogasius 
leiocarpus; CRFB = Crossopteryx febrifuga; = TMGL = Taminelia glausecence: CMML = 
Combretum mole: BKAF = Burkea africana: PTER= Ptericarpus erinacous: CMGT = Combretum 
glutinosum: BSSL: Boscia salicifolia:  CMFR = Combretum fragrans; DTMC= Detarium 
microcarpum; STSP= Strychnos spinose; BLAG = Balanite aegyptiaca  
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2.3.2 Spatial and temporal changes from remote sensing images 
The variation in the distribution of the NDVI values between the years, is shown in Figure 
2.11. Years 2004 and 2012 show high median values of 0.45 and 0.42 respectively, while 
years 2000 and 2009 show values as low as 0.26 and 0.30.  This suggests more greenness in 
the years 2004 and 2012 compared to the latter years mentioned. 
 
Figure 2.11:  Box and whisker plots showing NDVI values on the y- axis and years sampled on the x-
axis. Plots represent data of the summaries of NDVI values of years 2000, 2004, 2009 and 2012. 
 
The mean NDVI values across the four periods were compared using ANOVA. Results show 
differences occur in the four years (p = 0.0001). Furthermore, a pairwise comparison using 
TukeyHSD was carried out to verify where the differences occurred in the four observations. 
The output indicates differences between 2012/2004 and 2009/2000 as significant. . Figure 
2.12 shows the confidence interval of the comparison.  
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Figure 2.12: Confidence interval of TukeyHSD multiple comparison of means at 95% family-wise 
confidence level. Y - axis = comparison between years and x – axis = differences in means of the 
years compared. 
2.4. Discussion 
2.4.1 Overview of findings 
In this study, our findings demonstrate that the woody vegetation of Yankari had changed 
over time, and that the direction of the change is not the same for all woody species. Most 
species belonging to Combretacaea family, have increased in abundance, while other species 
suggest a decline in abundance. The species that have declined are multipurpose species, but 
commonly used as livestock fodder in the West African region. This study is in line with the 
study of woody encroachment in sub-Saharan woodland (Mitchard and Flintrop, 2013). The 
study found evidence that both forest loss and gain are occurring widely throughout Africa. 
They concluded that the size of land undergoing woody encroachment can be comparable, or 
can even be larger than that undergoing forest loss. Most of the increase is in the woodland 
and savannah of sub-Saharan Africa north of the equator, whereas in the Miombo woodland 
regions (Tanzania), south of the equator, forest loss appears to be dominating. However, this 
conclusion contains a high degree of uncertainties, owing to potential artefacts in the GIMMS 
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dataset, and regional variation in the relationship between NDVI and woody cover (Mitchard 
and Flintrop, 2013). 
2.4.2   Characterization of 16 dominant woody plants of Yankari  
The species accumulation models have provided a visual assessment of the four habitats 
sampled. The Combretum tree savannah and Afzelia tree savannah have more species 
diversity than either of Combretum shrub savannah and the riparian forests. Moreno and 
Halffter (2000) have used the same method to evaluate the completeness of inventories of 
bats, and to provide valid comparisons among inventories. They argued that the species 
accumulation curves can be used to assess the inventories of any other group. However, 
Willott (2001) is concerned that the measure that was used to estimate their sample effort is 
not the appropriate one to compare species accumulation curves among different habitats. 
Nevertheless, our results is in line with the baseline result, where Green (1986) found lower 
diversity in the Combretum Shrub savannah compared to others. With the riparian forest 
curve, it may not be possible to rule out the fact that the results may be biased based on the 
premise that fewer plots were surveyed.  
Historically, the woody vegetation of Yankari is characterized mainly by shrubs but with big 
trees in the riparian forests. Size class distribution (SCDs) of the 16 most-abundant woody 
plantss tilted towards typical saplings distribution as SCDs show dominance of class 0-10 cm 
DBH of the six size classes for the 16 key species analysed. The two most-dominant woody 
plants being C. nigricans (1, 300 individuals) and the C. glutinosum (about 600 individuals) 
belong to this class (see, Figure 2.4). The high proportion of stems in the smallest size classes 
of 0 to < 10 cm implies that most C. nigricans individuals and C. glutinosum have the natural 
ability to regenerate (Hennenberg et al., 2005). However, the larger tree species i.e.  A. 
africana, K. senegalensis, P. erinaceus, B. africana, B. aegytiaca, T. indica and A. leiocarpus 
showed irregular distributions. Although B. africana and A. leiocarpus had many individuals, 
the saplings classes dominate with 30 and less individuals in few other classes. A. africana, 
K. senegalensis, P. erinaceus and T. indica had few individual species. This made it difficult 
to draw conclusions on their distribution at this point.  
In a similar study, Neelo et al., (2013) reported SCDs in five groups: species in his first 
grouping exhibited reverse J-shaped distribution, which indicated stable population structures 
as also reported by Lykke, (1998) Conduit et al., (1998). Species in the second group showed 
relatively good recruitment but the regeneration was negatively affected and his third 
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grouping was a combination 3, 4 and 5 of his initial groups and he reported that this group 
exhibited hampered regeneration, as a result of disturbances caused by humans, domestic 
animals and annual fires. Additionally, Lykke (1998), observed in her study that many 
species, particularly large trees, have few young individuals, and therefore flat SCDs that 
deviate from the reverse-J shape SCDs characterizing species with abundant and constant 
rejuvenation. She concluded that most of the flat distributions analysed were the effects of the 
decline in population sizes caused by human impact, particularly fire. The findings of these 
authors give an insight into the possible irregular distribution of the SCDs found in this study 
and suggests that a more extensive research to investigate the abundance and population 
structure of these species will be beneficial. 
Vegetation community ordination and dissimilarity analysis gave the opportunity to visualize 
the abundance and composition of the species over the habitats of the reserve. The overlaps 
suggest that there is a significant similarity in species composition across the habitats. The 
dominance and spread of C. nigricans and C. glutinosum are likely to be responsible for this. 
The Geerling (1973) and Green (1986) classification of six separate classes therefore, is not 
reliable. As C. nigricans and C. glutinosum are now widely spread in the savannah habitat 
and extend to the riparian habitat, it can be inferred that there has been a major change in 
woody vegetation composition.  
2.4.3 Spatio-temporal comparison between 1986 and 2011 results. 
2.4.3.1 Increasing populations of some woody species  
Combretum tree savannah and Combretum shrub savannah showed increase in mean basal 
area between 1986 and 2011. Most of the species belonging to these habitats are of 
Combretacaea family occurring predominantly in the savannah habitats and extending to the 
riparian forest. C. nigricans and C. glutinosum are the two most dominant woody plants  in 
Yankari. Both plant species are widely spread extending to the riparian forest. Although the 
species have been reported to be both fire and drought prone in some related studies (Keay, 
1950; Green, 1986), yet, other studies reported these species as drought tolerant, fast growing 
and profuse (Sakandé and Sanon, 2007) and recommended that C. nigricans, among other 
species, are potentially usable for vegetation recovery programs. Furthermore, the findings of 
this study are consistent with research from East Africa, where Combretum and Terminalia 
species dominated savannah woodland (Lewis and Berry, 2011). Lastly, C. molle, B. 
salistifolia and P. suberosa also showed increases in mean DBH between the years (Figure 
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2.6), amongst the three species, C. molle showed a more than twofold increase in DBH. This 
follows the trends of the other Combretacaea species previously mentioned as dominants in 
Yankari. 
2.4.3.2 Decreasing populations of some woody species  
Afzelia tree savannah is the only one of the three (Afzelia tree savannah, Combretum tree 
savannah, Combretum shrub savannah) that showed a decline in species basal area for the 
periods of 1986 and 2011. This sub-habitat contains species that are highly utilized as cattle 
fodder. These species (A. africana, T. indica, B. aegyptiaca and K. senegalensis) are also 
preferred species for elephants and other wild herbivores (Geerling, 1973; Tchamba and 
Mahamat, 1992; O’Connor et al., 2006).  All individuals of A. africana encountered showed 
evidence of harvest. Similarly, many individuals of S. spinosa and P. erinaceous showed 
evidence of harvest that is similar to patterns of harvesting in African dry lands. Individuals 
of S. spinosa were cut into halves so that the upper leafy part falls to the ground to enable the 
smaller animals (sheep and goats) to feed.   
Geerling, (1973) and Green and Amance, (1987) reported the pressures that elephants 
inflicted on B. aethiopium and A. digitata, and feared they may not survive the destruction in 
the riparian forest because of elephant activities. Their observations are in agreement with the 
findings of this study.  The author observed that there were very few individuals of A. 
digitata and B. aethiopum remaining in Yankari. A probable reason for this may be that the 
fruits constitute the main diet of the baboons and the elephants during the dry season.  
The results from the plot survey also corroborated that C. pendunculata had greatly declined 
in Yankari. There is no basis to conclude that these plants have totally disappeared from 
Yankari, but rarity has clearly increased. A. africana, K. senegalensis, B. aegyptiaca, T. 
indica are important species in the Yankari and surrounding local communities, and these are 
heavily utilized by people and wild and domestic herbivores (Geerling, 1973; Green, 1986; 
Tiseer, 2009). The reduction in these trees could therefore have consequences for large wild 
herbivores through a change in forage quality (Ludwig et al., 2008), habitat loss and possible 
reduction in species (Jan van Wagtendonk, 2009). Fewer large trees will ultimately slow 
forest regeneration after fires, as large trees are known to be more fire-tolerant than smaller 
trees (Jan van Wagtendonk, 2009).  
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Furthermore, other species (C. febrifuga, A. leicarpus, T. Laxiflora, D. Microcarpum and B. 
Africana), that were not classified as fodder in this study, also reduced in mean DBH between 
the two periods. A. leicarpus, though belonging to the Combretacaea family, has been 
reported to be used, to a great degree, for both domestic and commercial purposes and is a 
browse species in Sudano-sahelian regions (Tézenas du Montcel, 1994). It is a species very 
sensitive to fire, but recommended also for reforestation (Andary et al., 2005). 
2.4.4. NDVI analysis of vegetation cover  
NDVI analysis indicated a fluctuating trend; this is cyclical for the vegetation of Yankari, and 
may be as a result of the short period of study.  The year 2012 particularly showed an increase 
in abundance of vegetation cover compared to the previous years. The spectral analysis could 
not go beyond a general assumption of increase. Whether or not the increase was limited to 
particular species, was not easily detected as the Landsat images assessed were of low 
resolution and lacked the capacity to show clear features. Ground truthing would have served 
as a tool to verify and validate some of the suggested findings, but that is beyond the scope of 
this study.   
The Post-hoc TukeyHSD tests revealed significant difference between the mean NDVI values 
of 2012; 2004, and 2000; 2009. This implies that significant changes in vegetal cover have 
occurred between the periods. The patterns and extent of changes will be interesting to 
further investigate in this study and that should be able to give pointers to inform monitoring 
or initiate relevant management initiatives (see chapter 4). 
2.4.5 Implication for conservation and management 
There is clearly a change in the structure and composition of the woody vegetation of 
Yankari between the baseline survey and our study. The decline of trees used as fodder is 
also evidenced by the comparison between the two surveys. Overall, if fodder plants 
populations continue to decline, local extinctions are possible. Given the trends of decline, 
further investigation to assess the current abundance and population structure of the fodder 
plants, and also investigate the harvest patterns and extent is necessary and urgent. 
 
The sensitivity of the response of semi-drylands and drylands to the adverse impacts of 
climate change cannot be over-emphasized. Climate change compounds the impacts of 
drivers of vegetation changes, besides,  other factors as warmer conditions are said to 
increase the length of the summer dry season (Boko et al., 2007), which may affect the 
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phenology of some of these fodder plants. A longer dry season in the summer, can also 
reduce tree growth and vigour, and can reduce the ability of trees ability to resist insects and 
pathogens, according to Jan van Wagtendonk (2009) and  Lutz et al., 2009). Therefore, a 
study of climate impacts should be considered as it will be beneficial for Yankari and similar 
protected areas within the Savannah systems. 
This study is the first extensive woody vegetation study since the baseline survey. The period 
between the two studies is 25 years. This is a long time considering the threats to vegetation 
and habitats of Yankari. More regular surveys and vegetation monitoring should be 
introduced and should now be straightforward as this study has georeferenced the survey 
plots which makes repeatability easy.   
2.5. Conclusion  
This study found that the woody vegetation of Yankari has changed over time. The change is 
two dimensional, while there is a general increase in most species belonging to Combretacaea 
family, there is evidence of decline in species commonly used as livestock fodder in Yankari. 
The scope of the study did not include the investigation of the causes of increase or decline in 
the woody vegetation, although the previous studies (Geerling, 1973; Green and Amance 
1986; Green, 1987), have highlighted threats (elephant numbers, climate, fire activities and 
human activities) to the woody vegetation in Yankari at the time of their studies. Rainfall, for 
example, is the greatest influence on vegetation in the tropics (Pielke, 2001; Zelazowski, 
2011; Gereve et al., 2011; Swann et al., 2012), yet there have not been any climate-related 
studies done in Yankari. Wildfires, as well as early annual burning undertaken by the rangers 
in Yankari have been reported as greatly influencing the woody vegetation, yet no 
quantitative studies have been carried out on trends in fires. 
It will be interesting to investigate the trends in the drivers, particularly from the period the 
baseline study covers. Therefore in chapter 3, assesses the trends in the drivers of woody 
vegetation change in Yankari (elephant numbers, climate, fire activities and human activities) 
from the 1980s to present time. The evidence of change in the drivers (increase or decrease), 
should provide some quantitative basis for conservation initiative, for patrols and monitoring.   
Yankari is a heterogeneous landscape where many things are taking place simultaneously e.g. 
ecotourism, research, field excursions for pupils, and anti-poaching activities by different 
NGOs etc. Furthermore, a combination of direct (such as poaching, hunting, livestock 
grazing) and indirect pressures (such as lack of vehicles for patrols, weak laws, poor funding) 
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inhibit any reasonable efforts towards adequate management of the game reserve. A study 
such as this will therefore inform, direct, and help prioritize the conservation needs of 
Yankari. 
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Trends in Potential Drivers of Savannah Vegetation Change in Yankari Game Reserve, 
Nigeria. 
Abstract 
Relatively little is known about the dominant threats to African Savannah systems and how 
these threats interact. Yankari Game Reserve (Yankari), Nigeria, was used as a case study to 
examine trends and drivers of woody vegetation change in the reserve. The work builds on 
previous studies by Geerling (1973) and Green (1986), which highlighted elephant activities, 
droughts, fire and human activities as the drivers of the woody vegetation in Yankari. 
Elephant population studies in Yankari (1964-2011) were collated and trends over time were 
examined. Potential evapotranspiration (PET) was estimated from climate data (1961-2010), 
obtained from Nigerian Meteorological Agency (NIMET). MODIS active fire and burnt area 
products were used to determine trends in dates and incidences and to calculate frequency of 
burning (2000-2014). Landsat 5, 7 and 8 land cover images were used to estimate park 
incursion over time. Among the key findings are a climate with high variability in annual 
rainfall, prevalence of droughts and fire scars throughout the reserve except in the area 
bisecting Yankari and park edges to the west. Climate appears to be an important driver of 
woody vegetation. The trends are also consistent with global climate change effects, most 
likely due to high inter-annual variability in rainfall.  However, trends in elephant population 
seemed ambiguous because of the different methods used in the previous surveys. It was also 
found that there was prevalence and increase in human activities at the boundary of Yankari. 
In 2013, encroachment has extended into Yankari. There were difficulties in reconstructing 
historic trends in drivers of woody vegetation change but the combination of climate and 
human activities suggests negative impacts on woody vegetation that require urgent 
monitoring and intervention  
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3.1 Introduction 
There exists controversy globally on whether the widespread changes in the woody cover of 
the savannah are driven by local or global drivers (O'Connor, 1985; Archer et al., 1995; 
Sankaran et al., 2005; Wigley et al., 2010), and the scale-dependent interactions between 
these drivers (Scholes and Archer, 1997; Bond, 2008; Sankaran et al., 2008; Staver et al., 
2011). The most likely drivers of local change in woody vegetation would include changes in 
land use, for example, heavy stocking and associated over-grazing (Archer et al., 1995; Van 
Langeveld et al., 2003; Fensham et al., 2005), burning activities (Bowman et al., 2001; 
Briggs et al., 2005; Brook and Bowman, 2006), and exclusion from fire and grazing (Muller 
et al., 2007; Wigley et al., 2010).  Potential global drivers of woody vegetation change 
include climate change and rainfall (Fensham et al., 2005), atmospheric nitrogen deposition 
(Brown and Archer, 1989), and elevated CO2 (Polley, 1997; Bond and Midgley, 2000; 
Hoffmann et al., 2000; Bond et al., 2003). It is often difficult to unravel the effects and 
evaluate the relative importance of global versus local drivers (Archer et al., 1995; Hoffman 
and Todd, 2000; Wigley et al., 2010). However, dissection of the relative importance of these 
drivers can provide valuable insight into the dynamics of the savannah ecosystem (House et 
al., 2003; Sankaran, et al., 2004). 
 
Savannahs cover the majority of annual global burned areas (Scholes and Archer, 1997; 
Archibald et al., 2013; Lehmann et al., 2014). Fire is a prominent change agent, affecting 
ecosystem structure and the cycling of carbon and nutrients, as well as a globally-significant 
cause of greenhouse gas emission (Srivastava and Garg, 2013). Wildfires have played a 
determining role in the distribution, composition and structure of many ecosystems 
worldwide, and climatic changes are widely considered to be a major driver of future fire 
regime changes (Pausas and Keeley, 2014). Prescribed burning is used as a management tool 
in many of the world’s savannah ecosystems. Hundreds of millions of hectares of savannah 
areas are burned annually (Hao et al., 1990), making tropical grasslands the most frequently 
and extensively burned biome in the world (Hao and Liu 1994; Barbosa et al., 1999; Bond et 
al., 2005). Most fires occur in sub-Saharan Africa, where savannah fires account for nearly 
two-thirds of the global burned area (FAO, 2007). Although fires can result from natural 
causes such as lightning, the majority of present-day bush fires are of anthropogenic origin 
(Bond and Van Wilgen 1996). Fires are used for a multitude of reasons, including land 
clearance for agriculture, providing breaks around fields or villages, and clearing paths (Laris 
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2002). Therefore, mapping the timing and the extent of fires is important (Srivastava and 
Garg, 2013) as fire effects are reported to change vegetation composition and structure 
(Goldammer and Price, 1998; Collins and Calabrese, 2012) and are expected to increase with 
the impacts of human induced climate change (Stocks et al., 1998; Dale et al., 2001; 
Flannigan et al., 2000, 2009). 
 
In African savannah ecosystems, elephants are considered important in structuring plant 
communities (Penzhorn et al., 1974; Owen-Smith, 1988; Moolman and Cowling, 1994; 
Lombard et al., 2001; Conybeare, 2004), and in influencing ecological processes such as 
trampling, seed dispersal, and nutrient cycling (Boshoff et al., 2001). Elephant herbivory is 
also responsible for changes to plant richness, density and biomass (Barratt and Hall-Martin, 
1981; Midgley and Joubert, 1991; Lombard et al., 2001; Kerley and Landman 2006; 
Hayward and Zawadzka, 2010), and has the potential to severely reduce the foraging 
opportunities of co-occurring browsing herbivores (Landman and Kerley, 2006). 
 
The 4th Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR4; 
IPCC 2007) established that climate change will have serious impacts on many aspects of 
biological diversity and on ecological interactions. These impacts will result in long-term 
instability of natural resources and their benefits and services to human livelihoods. 
Additionally, the 5th Assessment Report of the Intergovernmental Panel on Climate Change 
(IPCC, 2014) re-confirmed that: i) The future of African ecosystems are already affected by 
climate change, and future impacts will be to be substantial; ii) Beyond the impacts of land-
use change and other non-climate stressors, there appears to be shifting ranges of some 
species and ecosystems due to elevated CO2 and climate change; and iii) Over the past 50 
years, near surface temperatures have increased in West Africa. 
 
 Furthermore, temperatures in Africa are projected to rise faster than the global average 
increase during the 21st Century (Christensen et al., 2007; Joshi et al., 2011; Sanderson et al., 
2011; James and Washington, 2013). In a related study, Collins (2011) showed significant 
warming of between 0.5-0.8 degrees between 1970 and 2010 over the region using remotely 
sensed data with a greater magnitude of change in the latter 20 years of the period compared 
to the former. Recurrent droughts over the past decades and rates of desert encroachment in 
this region have been widely recorded and documented (Mortimore, 1989; Wiggins, 1995;  
Batterbury, 2001;  Dai et al., 2004; Mortimore, 2010; Dai, 2011 ). Additionally, the effects of 
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these droughts have been seen, for example, in poor harvests and shortages of food 
(Mortimore, 1989; Wiggins, 1995), livestock mortality (Kloos and Zein, 1993; Barbier et al., 
2009), and forced and increased human migration rates southwards (Afolayan et al., 1999; 
Olsson et al., 2005; Bassett and Turner, 2007). These effects have increased the 
vulnerabilities of the rural poor to cope with adverse effects of climate change.  
 
These impacts will result in long-term instability of natural resources and their benefits and 
services to human livelihoods. Research from three principal sources: direct observation 
(Parmasan and Yohe 2003), experimental studies (Morgan et al., 2006; Bloor et al., 2008; 
Hovenden et al., 2008) and modelling studies (Botkin et al., 2007; Martinez-Meyer et al., 
2004; Nogués-Bravo et al., 2008) have strengthened the key findings of the time of IPCC 
AR4. Consequent to this, adaptation strategies are needed to respond to these impacts.  
There is currently little certainty regarding the ongoing human-driven global changes and 
how they will have major impacts in West African savannah ecosystem. Historical biome 
distributions were affected by humans in some areas (Willis et al., 2004; Mayle et al., 2007), 
but modern human activities such as expansion of agro-pastoralism and increased ability to 
create and manipulate fire are much more extensive and intensive (Staver et al., 2011). In the 
West African savannah, the impacts of the changes, are unlikely to be smooth or easily 
reversible. Alternatively, historical records can provide critical insights into former landscape 
conditions and processes, and reasons for subsequent changes (Foster 2000; Whitney and  
DeCant 2005; Rhemtulla et al., 2009). Although it has been established that woody 
vegetation had changed over time and the direction of the change has not been the same for 
all woody species (see chapter 2), there exists limited knowledge on the extent and trends in 
drivers of woody vegetation change and their synergies in Yankari.  
Previous studies of Yankari (Geerling, 1973; Green, 1987) have highlighted some drivers of 
the woody vegetation at the time. These drivers include elephant activities, droughts, fire 
activities and human activities. Green (1986), in his report on the human activities on Yankari 
has a detailed description of the activities of poachers and livestock grazing in Yankari 
(Appendix 1). In 1996, Malachi Amance in his letter to Arthur Green reported:  
“…the influx of Fulani herds has greatly increased in the whole area. Their incursions into the park is 
really serious in spite [sic] of the arrests and prosecutions taking place at the local courts……From 
January to March of this year, there were 130 days [sic] and 42 night patrols that resulted in the 
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arrests of 56 poachers/herdsmen (only ten of which were game hunters – the remaining 46 of which 
were herdsmen…with the coming of [sic] the oncoming of the raining season, the Fulani move North. 
Neither Fulani nor game poachers were arrested in June.” 
Although there are few known studies and reports carried out on the drivers of woody 
vegetation, no study has investigated the trends in these drivers. Consequently, Yankari 
serves as a good case study in West African savannah. The sources of data collated for this 
study provide time series observations from reliable sources. Therefore, the sources present 
potentials to understand the trends in drivers of woody vegetation change in Yankari. The 
study asks the question:  what are the trends in drivers of woody vegetation change in 
Yankari Game Reserve, from the 1980s to 2011? To answer the question the author carried 
out the following tasks.  
 
 Investigation of the trends in the elephant population of  Yankari,  between 1980s 
2011 
 Investigation of the trends in the climate of Yankari, between 1980s 2011 
 Investigation of the trends in fire activities   for Yankari, between 1980s - 2011 
 Investigation of the trends in human activities in Yankari between 1980s – 2011 
 
3.2. Methods 
3.2.1 Data types, sources and analysis 
3.2.1.1 Elephant population estimates 
Historical trends in the population of elephants were compiled from a variety of sources, 
including scientific literature, using databases such as Web of Knowledge, Science Direct and 
Google Scholar. Published and unpublished reports were obtained from libraries and by 
contacting the authors. In addition, observations and informal interactions with rangers and 
staff of Yankari provided additional useful information.  
A total of nine studies were identified; eight of the studies estimated elephant population 
below 500, but one study (Mohammed et al., 2009) was excluded as estimates in elephant 
numbers and other mammals were exaggerated (not consistent with other studies), reporting 
elephant estimates as 8000 individuals. Such numbers as reported can only be found in East 
and South Africa, and not West Africa (Wittemyer et al., 2013). Furthermore, the timing of 
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surveys was not consistent and also not systematic. Therefore, the data gathered were 
scattered between the surveys of Sikes (1964) and Bergl et al., (2011). The nine studies 
included in this research were carried out by 3 main methods: ground surveys, informed 
guesses and aerial counts. The aerial counts are the more recent surveys (Nicolas, 1999; 
Omondi et al., 2006 and Bergl et al., 2011). 
The elephant population studies in Yankari (1964-2011) were collated and the elephant 
density (number of elephants/total area of Yankari) calculated for each study (Said et al., 
1995, Barnes et al., 1998, Blanc et al., 2003, 2007). The estimate of each elephant population 
was plotted, and trends over time were examined visually. This was to determine any trends 
in elephant numbers in Yankari (Bouche et al., 2011). This method is similar to that used in 
the study carried out in Addo, a South African national park (Boshoff et al., 2002). There was 
limitation in the choice of analyses because of the incomparable methods in data collection. 
Three main methods of the estimation of elephant population were identified in eight 
reviewed studies. In one particular study, lower and upper limits (i.e. 300 – 500) of elephant 
population estimation was reported (Geerling, 1983). In another study, the writer inferred that 
“at least there were 100 elephants in Yankari” (Henshaw, 1979). The author therefore 
decided that calculating the population density of the elephants and presenting the estimates 
for individual study is the most justifiable way to deal with this inconsistency/situation.  
 
3.2.1.2 Climate data 
Data were obtained from the Nigerian Meteorological Agency (NIMET) on the following 
climate parameters: monthly annual rainfall (1961-2010), minimum and maximum average 
monthly temperatures (1961-2010), daily solar radiation (1971-2013), relative humidity 
(1971-2006) and daily average wind speed from the nearby Bauchi airstrip (10°17′35″N 
9°49′50″E / 10°.29′30″N 9°.83′05″E). The climate data from the Bauchi airstrip served as 
proxy for Yankari as both locations are on the same Isohyets and the distance between the 
two locations is 135 km. Bauchi airstrip serves as the nearest and most reliable climate data 
source suitable for this study. 
Five years of rainfall data from Yankari was compared with records from the Bauchi airstrip. 
The rainfall data were collected in Yankari between1982-1986 (Green and Amance, 1986). 
Pearson product-moment correlation coefficient was used to correlate the data from the two 
sites. The fifty years’ climate data for Bauchi airport was summarised by calculating 
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averages, and plotting simple line graphs to show the trends in annual rainfall and average 
maximum temperatures.  Furthermore, the aridity index (AIU) for Yankari was estimated 
using the UNEP (1992) formula: 
 where, PET is annual potential evapotranspiration, and P is the average annual 
precipitation; both are expressed in millimetres.  The boundaries that define various degrees 
of aridity and the approximate areas involved are shown in Table 3.1. 
 
Table 3.1: Global classification of aridity index (UNEP, 1992) 
 
Classification Aridity Index Global land area 
Hyper-arid AI < 0.05 7.5% 
Arid 0.05 < AI < 0.20 12.1% 
Semi-arid 0.20 < AI < 0.50 17.7% 
Dry sub-humid 0.50 < AI < 0.65 9.9% 
 
Several methods exist (Penman equation, Thornthwaith’s, Turc’s and Blaney’s formulae) for 
calculating potential evapotranspiration (PET) from meteorological variables (FAO, 2013; 
Prudhomme, 2013). In this study the Penman equation was used to calculate the PET. PET is 
an estimate of the maximum volume of water that could pass into the atmosphere if the water 
supply was unlimited. Temperature trends can be used to infer changes in potential 
evapotranspiration: temperature presents a reasonable, but not perfect, correlation with 
evapotranspiration (Dai, 2011; Sheffield et al., 2012) though it is not clear that the 
relationship will remain constant in a changing climate.  
 
3.2.1.3 Fire data 
Fourteen years’ MODIS Active fire and burnt area products were downloaded from the 
United State Geological survey (USGS) site.  
The 2000-2014 fire data were analysed for the Yankari Game Reserve. By using MODIS 
Active Fire in ArcGIS, fire data for one-year (October to April of a new year) can be 
obtained. This includes time and dates of fire occurrences. The onset and cessation of each 
fire, as well as the peak of fire activities, can be determined. Allowing fire seasonality and 
fire frequency for Yankari to be assessed.  The data from the Burned Area Product was 
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originally in Hierarchical Data Format - Earth Observing System (EOS – hdf) format, but had 
to be converted to raster, which is compatible with the ArcGIS software used for the analysis. 
The process of producing a raster map included using the data management tools to merge 
and clip the tiles to the boundary layer of Yankari. The raster calculator was used to calculate 
and add fourteen raster maps for the 14 years’ period. Under the Spatial analyst tools, 
reclassify tool was used to create three classes:  0 = unburned, 1 = burned and No Data = 
absence of Data. Finally, the area calculation was done using the attribute table. Total burned 
area was multiplied by 463*463 (the area of the pixel) and data was exported to Excel for 
analysis 
Fire analysis was conducted on yearly data layers from November 2000 to April 2014, which 
combined to calculate the number of times a pixel burned during a fourteen year period (fire 
frequency). Pixels that showed no status (neither burn nor unburned) were included in the 
processing for the fourteen seasons. This yielded a 500-m resolution map of the number of 
burns in fourteen years (ranging from 0 to 14 burns). By extracting times and dates of fire 
incidences from the MODIS Active Fires product, the averages of onset, cessation and peak 
activities of fire were all determined on a monthly basis. This provided the estimates of 
season and fire frequency for the Yankari.  
 
3.2.1.4 Human impacts 
Landsat 5, 7 and 8 images covering the area of Yankari and its surrounding environment were 
selected and downloaded from the USGS website based on clarity of the images, time of 
year, and years to give appropriate time intervals.  Given the time interval used, data 
originated from different satellite sensors (Multispectral Scanner sensor and Thematic 
Mapper).  The images were displayed in ArcGIS as false colour composites showing the 
Green, Red and nIR reflectance (assigned to the Blue, Green and Red screen elements 
respectively).  This allowed the vegetation of Yankari to be clearly distinguished from 
urbanisation and agricultural fields.  However, attempts to classify the images, in order to try 
and create a land use image, failed to produce satisfactory results.  So it was decided to 
manually digitise the urban and agriculture location within 5km of the Yankari border, and 
their areas were calculated. 
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To estimate the human impacts a 5 km buffer was calculated from the boundary of Yankari. 
The drawing tool from ArcGIS was used to draw polygons around the areas visualized as 
being urbanised within the buffer zone. The total area of the drawn polygons was calculated 
for each year, and bar graphs plotted to show the increase in urbanization from 1986 to 2013. 
This analysis was subjective as visual estimates were used to determine the areas urbanized. 
However, polygons drawn around the areas are consistent across the years. Additionally, for 
2013, polygons were drawn inside the reserve due to obvious encroachment extending within 
the boundary. Table 3.2 shows the data sources and periods covered by the data used for this 
study. 
Table 3.2: Secondary data sources and time periods covered for the study of the four main drivers of 
woody vegetation change in Yankari. 
Driver Data source Time covered 
 
Elephants Eight elephant surveys done in Yankari, 
Nigeria. From web and published and 
unpublished reports of Yankari. 
1964 - 2011 
Climate Fifty years climate data:  rainfall data, 
temperature (minimum and maximum 
data), relative humidity, radiation and 
sunshine of Bauchi airport (Lat. 10.30; 
long. 9.82), from Nigerian 
Meteorological Agency  
1961 - 2010 
Fire 14 years MODIS Active fire and  burnt 
area products: http://modis-
fire.umd.edu/Active_Fire_Products.html  
http://modis-
fire.umd.edu/BA_getdata.html 
2000 - 2014 
Human Landsat 5, 7 and 8 satellite images were 
accessed and downloaded from USGS. 
1986, 1999, 2006 and 
2013 
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3.3. Results 
3.3.1 Elephant population trends 
Surveys of elephants in the Yankari Game Reserve from 1964 suggest an increase in the 
population of elephants from about 150 individuals in 1964 (Sikes, 1964) to about 361 
individuals in 2011 (Bergl et al., 2011). This equates to an increase in population density of 
elephants from 0.06 elephants/km2 to 0.16 elephants/km2. Figure 3.1 shows the trend of 
elephant population estimates.  The trend pre-1983 showed a decline in elephant population.  
Post 1983, presents an increasing trend in elephant population. There are many uncertainties 
caused by the different survey methods which are discussed later in the chapter. 
 
Figure 3.1: Trend in elephant population in the Yankari: Data stem from three different estimation 
strategies: ground surveys, informed estimates and aerial total count, conducted in the years shown on 
the x axis (between 1964 and 2011). Some of the studies’ reported upper and lower estimates as seen 
on the graph (Henshaw, 1979; Geerling, 1983).  Studies included in this population estimates are: 
Sikes, 1964: Henshaw, 1979; Afolayan and Ajayi, 1980; Geerling, 1983; Marshall, 1985; Nicolas, 
1999; Omonde et al., 2006 and Bergl et al., 2011 
 
3.3.2 Climate trend 
 
The average maximum temperature and the total annual rainfall for Bauchi airstrip were 
summarized and compared across the period 1961–2010 (Fig.3.2). Figure 2 shows high 
rainfall variability across the years, with 1986 having as low as 725 mm mean rainfall, and as 
high as 1547mm in 2011. The periods 1973-1974 and 1984-1986 were drought periods, with 
mean annual figures below the average rainfall (900 - 1000 mm) for the Yankari and 
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surroundings. The monthly average maximum temperatures show a more stable pattern (32o 
C – 34.3o C) than the rainfall figures. 
 
. 
Figure 3.2: Fifty years’ climate trend in Bauchi and surroundings (1960 – 2010). Grey bars represent 
total annual rainfall (mm) from 1960 to 2010 while the line graph represent average annual 
temperature for the same period (o C). Years 1966, 1968 and 2005 are not included because of 
incomplete data 
 
Similar patterns were seen in the overlapping Bauchi and Yankari climate records (Fig.3.3). 
There is a strong positive correlation between the two data sets (r- 0.84), which shows they 
are strongly linked together. However, the Bauchi rainfall figures were generally higher than 
those for the Yankari. Therefore, there is some evidence that the Bauchi airport data can be 
used to determine the trends in the Yankari data.  
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Figure 3.3: Comparison of trends in rainfall records for Yankari and Bauchi Nigeria (1982 -1986). 
YGR = Yankari and BH = Bauchi. 
 
The result from the Potential evapotranspiration model (PET) and the aridity index model 
(Figure 3.4; 3.5), shows most years falling within the semi-arid zone based on the global 
classification of aridity index (UNEP, 1992). However the Potential evapotranspiration model 
(PET) shows inter-annual variability in data whereas the aridity index model doesn’t show 
the inter annual variability.  The mid-1980s particularly, are seen as the driest years in 
Yankari from the fifty years data. Additionally, there is a high variability in the model across 
the years; for example while the mid-1980s showed dry period of 0.2, late 1990s were wet 
years with up to 0.7 and belonging to dry sub-humid global classification.  
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Figure 3.4: Potential evapotranspiration for fifty years, from 1961 to 2010. Data shows inter annual 
variability. Data is in mm month-1 
 
 
 
 
 
 
 
Figure 3.5: Yankari Aridity index model for fifty years, from 1961 to 2010: Hyper-arid = AI <0.05; 
Arid =0.05 < AI < 0.20; Semi-arid 0.20 < AI < 0.50; Dry sub-humid 0.50 < AI < 0.65 
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3.3.3 Trend in fire activities/extent 
3.3.3.1 Fire Season in Yankari 
The fire season in Yankari corresponds with the long dry season in Nigeria. Fires start at the 
beginning of the dry season in November and lasts until the end of the dry season in March 
/April of the following year, with the peak period of fire activities in December.  Fig 3.6 
shows data for the years between 2000 and 2014 for the fire season in Yankari. In all fourteen 
seasons, the onset of fire in Yankari was in November, and climaxed in December with the 
exception of the 2004–2005 season, with peak activities in January. The cessation of fire 
ranges between March and April, with most seasons showing March as the month when the 
fires end.  
 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  
2000 - 2001              
2001 - 2002              
2002 - 2003              
2003 - 2004              
2004 - 2005              
2005 - 2006              
2006 - 2007              
2007 - 2008              
2008 - 2009              
2009 - 2010              
2010 - 2011              
2011 - 2012              
2012 - 2013              
2013 - 2014              
 
Figure 3.6:  Fire season in Yankari Game Reserve, Nigeria (2000 – 2014). Yellow colour shows fire 
event: orange, peak of fire activity and green, no fire activity. 
 
3.3.3.2 Extent of burnt area in Yankari for fourteen seasons 
A time series raster map shows that Yankari is consistently burned on a yearly basis, in most 
parts of the reserve, with the exception of the areas along the riparian strip and the western 
edges of the reserve (Fig.3.7).  Only burnt areas within the Yankari (2,244 km2) were 
calculated. The cumulative burned is 94%; unburned area is 2% and the No data is 3% of the 
total area of Yankari from the fourteen years analysed.  
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Figure 3.7:  Trend in burnt area extent for Yankari Game Reserve, Nigeria:  Each pixel represents 
sum of burned/unburned/No data totalled for fourteen seasons (2000 – 2014). The white areas are 
pixels without data for the same fourteen years period.  
 
3.3.3.4 Human impacts in and around Yankari 
Land cover in the buffer zone of Yankari has changed significantly across the images 
analysed. The changes were consistent, and observed to have been gradual. The imageries of 
1986 showed little encroachment, but by 2013, the encroachment was seen to have advanced, 
beyond the boundary into Yankari. Additionally, from the imageries, there is a clear 
difference between Yankari and the land cover immediately outside the boundary i.e. the 5 
km2 buffer zone which was created. Visually, the difference in the 5 km2 buffer zone is clear 
even in the years between 1986 and 1999 (Figure 3.8). However, the 2006 image is striped, 
caused by the failure of the scan line corrector (SLC) in 2003. The SLC failure introduced 
major striping in Landsat-7 ETM+ imagery, it also shows the changes in Land use/land cover 
in the buffer. The most current image (2013) shows the most change in the buffer, together 
with some changes within the reserve which were not detected in the earlier images. Two of 
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the three areas that showed encroachment are to the south and south–western parts of the 
reserve, and the third area is to be found to the north-eastern part of Yankari. 
 
 
Figure 3.8: Land cover maps of Yankari including 5 Km buffer zone showing growth in incursion 
across the period (1986 – 2013) in green colour. Yellow dots on 2013 image and more recently within 
Yankari 2013, an area of 3.7km2 
The estimated percentage increase in park incursion is presented in a bar graph (Figure 3.9). 
The graph shows consistent change across the images. Up to 1986 there was 27% recorded 
encroachment but between 1986 and 2013 (27 years), there was an increase of 48% in 
encroachment.  
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Figure 3.9: Yankari park incursions from land cover maps of 1986, 1999, 2006 and 2013. Y axis = 
total land area (km2) total and x axis = the land cover maps by years analysed.  
 
3.4.   Discussion 
3.4.1 Difficulties in reconstructing historical trends in drivers of woody vegetation change  
Gathering and acquiring data on elephant studies was challenging. For the nine studies found, 
three methods were used to estimate elephant numbers. The surveys were conducted at 
irregular intervals, and not in a systematic way. Earlier studies undertaken by Sikes (1964) 
and Afolayan et al., (1980) were ground surveys. Surveys by Geerling (1983) and Marshall 
(1985) reported elephant numbers based on informed estimates. These methods did not allow 
for repeatability, as some of their statements were based on their interaction with the elephant 
herbivory at the time, thus making Marshall (1985) report subjective. The later surveys, 
therefore, were expected to be more reliable and should serve as a baseline for future surveys. 
Nicolas (1999) was not accessible and regrettably, the survey carried out by Omondi et al., 
(2009) was highly criticised by Bergl et al., (2011) on the basis of reporting an erroneous 
boundary for the reserve among other things.  
 
These difficulties encountered are in line with IUCN (2013) which states that “surveys of the 
same site are sometimes conducted using different techniques, making comparability even at 
the site level challenging" Additionally, the report found very few surveys in West Africa. 
The W-Arly-Pendjari WAP complex in Benin, Burkina Faso, Niger and Togo houses the 
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largest elephant population in the West African region and additionally, only three 
comparable surveys were conducted in the past 5 years. These surveys do not show any 
change in elephant numbers in those sites (CITES, 2013). Consequently, it was difficult to 
conclude on the trends in elephant population in Yankari, but the little evidence explored, 
suggests that there is still a viable elephants population that can be researched and monitored. 
The population estimates from the aerial survey show that their densities appear stable. 
 
Similarly, there were difficulties in gathering climate data for this study. Statements such as 
“We urgently need more research into the global drivers of African climate and into the 
detailed consequences at local levels” (Conway, 2009) and “Africa needs climate data to fight 
disease" (Thomson et al., 2011), the authors argued that climate data is a "resource for 
development" are however not surprising to hear. The lack of weather stations in Yankari and 
the inability to collect data on climate parameters since 1950s were a huge setback to 
exploring and understanding the drivers of African climate. Similar to that found in Yankari, 
scientists in Africa are limited by the lack of historical data available to use as a baseline 
when measuring changes in climate (Thomson et al., 2011). These problems of lack of 
weather stations and the problems of malfunctions in existing ones, is a common 
phenomenon in West Africa (Ermert et al., 2011; Polcher et al., 2011; Hobby et al., 2013).  
 
Rainfall was highly variable for the 50 years data analysed. The drought events in the early 
seventies and the mid-eighties were clearly apparent when validating reports by Geerling 
(1973), Green (1986) and Haruna (2011). Depending on the sensitivity of the vegetation, 
climate variability is potentially an important driver of woody vegetation change in Yankari. 
However, the extent and magnitude could not be investigated, but indications suggest that 
climate is not working alone, as fire activities appear to be equally, if not a more important 
driver. 
 
Few fire studies exist on Yankari beside a fire report (Green, 1987) and the management plan 
of Yankari (Green and Amance, 1987), which summarized the then fire activities and gave 
recommendations for a 2-3 years fire plan, but this plan was not used to date. The existing 
information was considered inadequate to establish any trends in fire activities in this study. 
Consequently, MODIS active and burnt area products provided the medium to estimate fire 
occurrence and trends for Yankari. This was not without challenges, as low resolution images 
(30 m), along with different calibrations between Landsat 5, 7 and 8, had to be taken into 
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account in the choice of image to include.  Finally, only recent images from the period 
between 2000 –2013, could be included in the analyses because of their accessibility.  
 
Yankari was found to be exposed to severe burning every year, as seen from the fire scars. 
Almost all of the land area of the reserve was covered in fire scars over this period. It could 
not be detected whether or not the scars were accumulative, from previous years that have not 
fully recovered. It was reported that the rangers in Yankari are responsible for early burning 
in the reserve, and this is usually carried out early in the dry season to provide lush grass for 
the herbivores and to avoid more severe impacts on trees from the late dry season 
(November–December) (Haruna, 2011). There were no reports as to whether or not the 
rangers burn the reserve in a systematic way, as prescribed by Green (1986).  Additionally, 
fire activities and scars outside the boundary of Yankari were not investigated, although 
Green (1986) had reported that many burns in Yankari at the time were a result of wildfires. 
Therefore, there is sufficient evidence from our findings to suggest that fire activities in 
Yankari are prevalent and consistent throughout the years under investigation therefore there 
is a clear trend. However, the study did not investigate the relationship between the trends in 
fire activities on the woody vegetation.  
 
 In assessing the trends in human impacts, some challenges of data gathering and acquisition 
were encountered. Census data in Nigeria were available only for up to 1999, and not for 
2006, and this frustrated our efforts to determine any trends.  As an alternative, the land cover 
images for four years (1986, 1999, 2006 and 2012) were used in our analyses. The polygons, 
which had been drawn to estimate encroachment activities, were subjective as they were 
based on visual estimates.  Additionally, observations were limited only to a 5 km buffer 
from Yankari boundary, because the terrain is heterogeneous and the satellite images used 
were of low resolution. Currently, human activities are found to be prevalent at the boundary 
of Yankari (result section 3.8). This suggests an increase in population and expansion of the 
local communities. In addition, the farmlands were observed to be at the Yankari border 
during the field visit by the author. Although Yankari is an exclusive reserve and not open to 
the local communities surrounding the reserve, there is sufficient evidence to suggest that the 
people interact with the reserve in various forms (Geerling, 1973; Green, 1986; Tende and 
Onoja, 2011) as discussed in chapter 2.  
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Additionally, studies have shown that areas of biodiversity conservation in Sub-Saharan 
Africa, coincide with dense human settlement (Balmford et al., 2001; Kuper et al., 2004; 
Cordeiro et al., 2007). Human impacts (such as hunting and grazing, wood collection and 
illegal fires) create gradients from the edge to the centre of reserves, reducing the use of some 
habitats by limiting animal movement, because animals avoid areas with high human 
activities (such as reserve edges). Edges of protected areas are often not effectively protected, 
and are often encroached upon by local people for a variety of resources. Therefore, such 
areas usually suffer severe human disturbances.  
 
3.4.2 Interactions of drivers of woody vegetation change 
In Yankari, the combination of droughts, fire and human drivers of woody vegetation change 
could be working together to make the woody vegetation changes recorded. Elephant 
numbers appear not to be currently a primary driver. This may be because the number of 
elephants in West Africa is only 2% of the continent’s known elephant populations, 
compared with South African (55%) and Eastern African (23%) populations (CITES, 2013), 
where historically, elephants have been culled to reduce their impact on habitats (Van Wyk 
and Fairall 1969; Cumming et al., 1997). Similarly, the illegal killing of elephants for ivory 
may be another reason for their low numbers in Yankari. Unfortunately, there are no records 
of the number of killings. However, on one of the trips the author made to survey the 
vegetation of Yankari, in 2011, within 2 weeks approximately 5 elephants were found dead 
and reported by the rangers.  
 
In a recent report compiled by Monitoring the Illegal Killing of Elephants (MIKE) 
(Wittemyer et al., 2014) on the differences in poaching levels between the different African 
sub regions, West Africa was shown to have the smallest elephant population, and has 
submitted the smallest number of records. Consequently, there is a high level of uncertainty 
around MIKE estimates in that sub-region, which makes it difficult to determine the trend in 
the elephant population estimates for the region (CITES, 2014).  Whether or not these factors 
are responsible for the present stable number of elephants in Yankari, the elephant population 
appears not to be a current threat to the woody vegetation. Meanwhile, the findings from this 
study on fire effects and climate change corroborate the observation of previous authors, who 
reported that the combination of fire and climate worked together to cause the dearth of trees 
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and shrubs during the droughts of the early 1970s and mid-1980s in Yankari and its 
environment (Green, 1987). 
3.4.4 Implication for conservation and management 
Despite the challenges of reconstructing the data on the various drivers of woody vegetation 
change assessed in this study, findings have pointed to possible ways to systematically gather 
data. It is important that scientists/authors find ways of documenting and saving manuscripts, 
reports and even published articles for future studies and posterity. It is in doing such that 
conservation strategies can be initiated, reviewed or monitoring will be meaningful and 
beneficial. 
The case of land cover changes around Yankari is not so different from other cases seen 
world-wide. There are no signs that human population rates will stop growing in Nigeria or in 
other parts of the West African region. In a related study, Wittemyer et al., (2008) found 
higher population growth on edges of protected areas as evident across ecoregions, countries, 
and continents, indicating that protected areas attract human settlements. Additionally, the 
local communities surrounding Yankari are characterized by agro-pastoralists (crop 
cultivators and herders), and as their numbers grow, their dependence on the Yankari 
increases. The land cover images analysed revealed lands have been cleared up to the 
boundary of Yankari. These lands could be grazing lands converted to farmlands. This action 
will make the pastoralists especially desperate for food for their cattle.  Yankari seems to be 
the only area left of natural vegetation.  Consequently, there will be competition in grazing 
for the wild herbivores and livestock (from the local communities) and this will result in 
erosion of the browse species and will equally expose the wild herbivores to diseases like the 
rinderpest scourge of the 1982 which killed many antelopes and buffaloes in Yankari 
(Geerling 1973, Green and Amance, 1987) 
The study also revealed that very few records exists on fire and climate studies in this region. 
Fire is known as an important modifier of Savannahs and not only does it influence the total 
biomass of savannah systems but also influences the structure of savannahs (Andersen et al., 
2005; Bond et al., 2005; Higgins et al., 2007). These structural changes in turn influence the 
microclimate and the distribution of resources such as nutrients and moisture (Ludwig et al., 
2004). Consequently having cascading effects on biodiversity (Walker and Peet, 1983; 
Higgins et al., 2007), causing some organisms to respond to microclimate and resource 
availability, and others are influenced directly by woodland structure (Raman et al., 1998, 
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Williams et al., 2002; Ripple and Beschta, 2004). The combination of these two drivers of 
woody vegetation change are very important for any conservation initiative in the drylands. 
Therefore, monitoring climate and fire events in Yankari Game reserve, and other PAs alike 
are as a matter of urgency. Unfortunately, this study has not gone beyond these general 
findings for all four drivers of woody vegetation change. 
 
3.5. Conclusion 
Our findings show that all the drivers of woody vegetation change should be investigated 
further as this study gives general trends in the drivers of the woody vegetation of Yankari 
and not rigorous assessments of these trends. Elephant studies should be thought out carefully 
so that ways to systematically engage in aerial counts will be beneficial. Additionally, the 
climate and firestudies are highly recommended as the trends in these drivers of vegetation 
change showed high importance in Yankari Game Reserve. 
 
In the scope of this study, the human driver can be investigated further, because it is possible 
with a one-off field inventories and observations, unlike climate change studies that require a 
long term data set or the fire studies that needs data from seasonal monitoring and more 
ground truthing. Therefore the next chapter (Chapter 4) shall seek to investigate patterns and 
the extent of human activities and interactions in Yankari, which should serve as a guide for 
any immediate conservation goal in Yankari and other important protected areas in this 
region with similar anthropogenic challenges.  
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Impact of herders’ harvests of fodder plants in Yankari Game Reserve, Nigeria: 
patterns and extent. 
 
Abstract  
 
Understanding the social drivers of resource use is of key importance in conservation and 
environmental management. In this study a survey of six plants (Afzelia africana, Ptericarpus 
erinaceus, Strychnos spinosa, Balanites aegyptiaca, Khaya senegalensis and Tamarindus 
indica) was carried out. These are species used widely in tropical Africa and are threatened 
in their natural environment. Additionally, these species are widely used as cattle fodder in 
the Yankari Game Reserve, Nigeria. In an earlier study on the ecological change in woody 
vegetation of Yankari, high rates of decline in these fodder plants were recorded. This study 
therefore, investigates the degree to which observed changes in the fodder plants may have 
been driven by herders’ activities. A non-random cluster method was used to sample 82, 100 
m2 x 100 m2 plots. The characteristics of fodder plants, i.e. basal area, size classes, growth 
levels and fire impacts, were estimated using, means of counts and standard errors across the 
plots, also visual estimates of harvest intensity and fire impacts on the plants were done. 
Evidence of park incursions were recorded and plotted on a map of Yankari using ArcGIS 
tools. Data was analysed using Arc Map 10.1, ERDAS IMAGINE 2013 and R 3.1.2 statistics 
packages and Microsoft EXCEL 2010. The key findings suggests Afzelia africana and 
Balanites aegyptiaca are severely harvested in Yankari. A regression analysis showed a 
strong relationship between core- boundary distance and harvest rate of Afzelia africana (P 
= 0.0001). In addition, Poisson regressions showed significant impacts of distance on the 
seedlings, saplings and adults of the fodder plants. There is urgent need for conservation and 
monitoring of fodder plants in Yankari and similar parks in West African Savannah.  
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4.1 Introduction  
For millennia, human interaction and dependence on forests have largely centred on non-
wood forest products (FAO, 1993; Agustino et al., 2011). In many communities this trend has 
been maintained. Based on human’s dependence on forests and trees, it is important to 
understand the broad range of products and services from forests, trees and woodlands. Of 
particular importance in this study are Non-Wood Forest Products and Services (NWFPS) 
that are very important in enhancing livelihoods of many people in Africa (Tieguhong et al., 
2009; Agustino et al., 2011). One such broad use of the NWFPS that is popular in Africa’s 
arid and semi-arid areas is where forests and woodlands provide the pasture for grazing as 
well as fodder for stall-feeding, to rural families who keep domestic animals and depend 
heavily on services provided by ecosystems and agro-ecological systems.  
 
In West African savannah, Afzelia africana, Ptericarpus erinaceous, Strychnos spinosa, 
Balanites aegyptiaca, Khaya senegalensis and Tamarandus indica fodder plants) are fodder 
plants that support and represent important natural resources to livelihoods of millions of 
peoples (Gaoue and Ticktin, 2007; Agustino et al., 2011). These plants are used as traditional 
medicine (Arbonnier, 2004; Akinpelu 2008; Ouédraogo-Koné et al., 2008), timber 
(Ahouangonou and Bris, 1997; Bayer and Waters-Bayer, 1999), and as forage for feeding 
livestock (Sinsin 1993; Onana 1998; Lykke, 1998; Cunningham, 2001; Belem et al., 2007).  
 
Fodder plants are essential as they provide the bulk of the nutritive requirements and 
supplement that constitute the  diet of livestock with vital minerals, vitamins and proteins in 
which straw is deficient during the dry season (Speedy and Pierre-Luc, 1992; McDowell et 
al., 2008). The leaves of A. africana, P. erinaceous and  K. senegalensis are considered as 
important fodder and nitrogen sources for livestock in agro-pastoral systems (Petit and 
Mallet, 2001; Sinsin et al., 2004; Ouédraogo-Koné et al., 2008). The branches are pruned by 
the Fulani to feed their animals. The powdered bark of A. africana mixed with salt was 
reported to have improved fodder consumption rate in cattle (Sinsin et al., 2004). Similarly, 
wild herbivory equally rely on these species for their nutritive purposes. Thus, these species 
are highly valued throughout the Sudanian zone, including the area around the W-Arly-
Pendjari (WAP) complex (Sieglstetter and Wittig, 2002; Krohmer et al., 2006; Koadima, 
2008).  
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The WAP complex is an important park in West Africa (Benin republic), as it holds the 
largest number of elephants (3,800) amongst other important floral and faunal species 
(Clerici et al., 2007). It was also nominated as proposed site for UNESCO's World Heritage 
Site program in 2009 (Clerici et al., 2007). Consequently, the combined effects of increased 
human population and agricultural intensification and impacts of climate change in these 
recent years, results in an increasing pressure on natural resources. The impact of these 
drivers of change is particularly accentuated in West Africa leading to habitat degradation 
and loss of biodiversity. The WAP protected area complex, for example, lost more than 
14.5% of their habitats between 1984 and 2002. This resulted in considerable reduction in the 
capacity of the area to conserve species (Clerici et al., 2007) 
 
The regional importance of fodder trees has exposed them to high utilization and a growing 
demand (Hamilton, 2004 and Botha, et al., 2004a) which has led to degradation and reduction 
in their populations and habitats (Cunningham and Mbenkum, 1993, Peres et al., 2003 and 
Botha et al., 2004). Fodder plants are often subject to bark and foliage harvesting, which 
could affect the long-term viability of their populations. Furthermore, the harvesting of stems, 
leaves and barks significantly threatens the survival of fodder plant populations (Peter, 1994; 
Delvaux et al., 2009; Nacoulma, 2011). Consequently, declines in the populations of A. 
africana, K. senegalensis and P. erinaceous have resulted in their classification as threatened 
by the IUCN Red List and also in the national red list species database of threatened species 
in Burkina Faso (Paré et al., 2009, IUCN, 2011). 
Reported degradation and population declines in these plants points both to ecological 
(biological) and cultural consequences.  The most direct ecological consequence of 
fodder plant extraction is alteration of the rates of survival, growth and reproduction of 
harvested individuals (Gaoue and Ticktin, 2007). In turn, these alterations affect the structure 
and dynamics of harvested populations (Peres et al., 2003; Ticktin, 2004; Gaoue and Ticktin, 
2007).  Furthermore, a study in South Africa revealed that repeated harvest of Warburgia 
salutaris decreased basal diameter and height, and increased rates of fungal attack and 
mortality (Botha et al., 2004). The impacts of fodder plants harvests are highly dependent on 
harvest patterns, and on size-specific harvest preferences (Nantel et al., 1996, Ticktin et al., 
2002 and Shackleton et al., 2005).  
Relatively few studies have assessed the spatial variation in harvest patterns of fodder 
plants or their impacts; it is important as fodder plants are harvested in the context of other 
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kinds of disturbances such as fire, weather conditions, etc. and their responses to harvest may 
be affected by these factors (Sinha and Brault, 2005 and Ticktin, 2005). Similarly, harvest of 
fodder plants and the resulting impacts may also be affected by variation in environmental 
variables (Siebert, 2000; Ticktin and Nantel, 2004). Studies on fodder plants have focused 
primarily on regeneration and seedling survival constraints (Bationo et al., 2001; Ouédraogo 
et al. 2006), characterization of nutritive value, chemical composition (Ouédraogo-Koné et 
al., 2008) and medicinal properties (Akinpelu et al., 2008). Sinsin et al., (2004) used the 
dendrometric characteristics as indicators of pressure of A. africana to assess the dynamic 
changes in trees between climatic zones.  
 
Several authors (Paradis and Houngnon 1997; Cunningham 2001; Sokpon and Biaou, 2002) 
have used the diameter size-class distribution as a field method to assess the impact of 
harvest practices on the regeneration offodder plants. Size-class distributions (SCDs) are 
considered to be useful predictive tools (Geldenhuys, 1992) as they have been used to 
understand the population dynamics of trees (Cunningham 2001). SCDs could be used to 
evaluate the impact of anthropogenic activities on tree populations (Cunningham 2001) 
which could affect the shape and the size of classes of distribution of a species (Van Wyk et 
al., 1996; Sokpon and Biaou 2002). However, it is important to take into consideration the 
species’ life history and the development stage of the population when analysing its diameter-
size-class distribution or height-size-class distribution. 
  
Greater insight into the population dynamics of harvested fodder plants is necessary for 
improved conservation. Population structure therefore is a useful tool to investigate the 
demographic health of harvested populations and also provide the basis for effective 
management decisions if it is combined with information related to species specific growth 
rate, spatial distribution (Fandohan et al., 2010), and patterns of use and harvest 
(Gouwakinnou et al., 2009; Schumann et al., 2010).  
Fulani, are known to maintain a management practice for fodder plant harvest known as 
sopoodu (Gaoue and Ticktin 2009). Fulani are the largest pastoral nomadic group in the world 
(Dyson-Hudson, and Dyson-Hudson, 1980), but mainly found in West Africa (Petit, 2004) 
their herds are the basis of their social and economic lives. The Fulani maintain that they 
leave the sopoodu to allow the fodder tree to grow and reproduce. The probability that a 
sopoodu produces fruits may depend on its size and the number of branches left out (Gaoue 
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and Ticktin, 2007; Gaoue and Ticktin, 2009). The size of sopoodu varies from one tree to 
another and from one region to another and also depends on the personality of the harvesters. 
A small sized sopoodu for example, is associated with young and inexperienced harvesters 
and migrant Fulani harvesters who have less personal investment in the regeneration of the 
fodder plants. 
Further investigation is warranted on the impact of leaving sopoodu and whether or not 
sopoodu is an acceptable practise generally amongst the Fulani; and also if there are regional 
or local differences in the practise between the Fulani and different species of fodder plants. 
Sopoodu or not, an understanding of the rates and patterns of harvest as well as their 
ecological impacts in the differing contexts in which these species occur, should provide 
important insight for the sustainable management of these species.  
A resurvey of the woody vegetation of Yankari (Chapter 2), suggests high rates of decline of 
plants used for cattle fodder. Furthermore, the study on trends in drivers of woody vegetation 
change (Chapter 3), showed the presence of park incursion around the boundary of Yankari 
and encroachment within the reserve. Many of the fodder plants have been heavily and 
continuously harvested over the years. Records show continuous activities of herders at 
varying distances within Yankari (Green, 1986). Figure 4.1 is a sketch map on lopping and 
cutting of fodder plants in Yankari (Green, 1987). The summary of the activities are reported 
in (Chapter 3, Appendix 1). The dotted parts to the west and east that are numbered 1 – 8 are 
areas of high activities of the herds and herders within Yankari. 
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Figure 4.1: Sketch map of Yankari Game Reserve at scale 1:500,000 by Green (1987). Showing the 
area of A. africana tree/woodland savannah formation (stippled area). Numbers on map are game 
tracks 1 = Buri; 2 = Wala Kerol; 3 = Northern Sha’aman; 4 = Junction of Gale; Tungulum, Randall, 
Shehu Maska and Kalli imam; 5 = Kariyo hill; 6 = Duguri; 7= Dagudi; and 8= area surrounded by 
Loopline 4, Lipji Kashim Ibrahim and Ahmadu Bello road. 
 
Yankari therefore presents a good case study to investigate the patterns and extent of herder’s 
activities and incursions in the reserve. This will aid greater understanding of these 
interactions and an improved basis for developing management strategies for sustainable use 
and conservation of these species in the drylands of West African. Thus, this study aimed to 
investigate the degree to which the observed changes in the fodder plants: A. africana, P. 
erinaceous, S. spinosa, B. aegyptiaca, K. senegalensis and T. indica are likely to have been 
driven by herders ‘activities. This study is designed under the following objectives:  
 
 To estimate the characteristics (density, basal area) and population structure (size-
class-distribution) of fodder species in Yankari 
 To investigate the rates and patterns of harvest of fodder plants in Yankari and if 
they vary between species  
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 To investigate if core-boundary distance influence harvest rates and recruitment of 
fodder species in Yankari 
 To explore the types of incursions are made by herders and their livestock in 
Yankari 
 
4.2 Methods  
4.2.1 Sampling and data collection 
The objective here is to characterize the woody vegetation of Yankari and assess the 
population structure of six fodder plants (A. africana, P. erinaceous, S. spinosa, B. 
aegyptiaca, K. senegalensis and T. indica, see Table 4.1 for the fodder plants characteristics). 
Plot sampling was designed based on the density of the fodder plants in Yankari from the 
resurvey of woody vegetation of Yankari (Chapter 2, Appendix 1). The availability of sketch 
maps (see, Fig. 4.1) made it easier to locate the fodder plant locations in the park.  The author 
drove from Wikki camp (administrative core) through many accessible game tracks and 
marked the patches of the fodder plants visible on ground. A. africana is the most prominent 
of all the study fodder plants, therefore sightings and emphasis were made to a large extent 
on patches of A. africana generally but for few plots, on sightings of P. erinaceus along the 
Bogwatrack
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Table 4.1: Fodder plants and their characteristics: MD = medicine; FU = furniture; CR =; FD = Fodder; FO = food; FR = TM = timber; CA =; OR =; DY =; 
SD = 
Botanical name Common name 
(Fulde /Hausa) 
Family Geographic 
range 
Description Uses IUCN 
status 
(2007) 
Threats Reference 
Afzelia africana Talihi/Kawo Fabaceae-
Caesalpinioi
deae  
Tropical Africa Large deciduous tree with a spreading 
crown, up to 35 m in forests and 18 m tall 
in Savannah. Tree has a spreading and 
open crown with large branches. . The 
bark is a reddish-grey, scaly, about 2 cm 
thick. It exfoliates in rounded patches, 
protecting the tree effectively against the 
frequent bush-fires of the dry sea. 
Flowering occurs at the end of the dry 
season.  Fruiting takes place from 
December to February. Wind and animals 
disperse the seeds. 
  
MD, 
FU, 
CR, FD 
CA 
Vulnerable Seeds are 
fire 
sensitive 
Bationo et al., 
2001, impetus, 
2003; biota, 
2005, Sacandé, 
2007. 
http://www.worl
dagroforestry.or
g/treedb/AFTP
DFS/Afzelia_afr
icana.PDF 
Balanite 
aegyptiaca 
Tanni/Aduwa Zygophyllace
ae/ 
Balanitaceae 
 
Sahel –savannah 
regions of 
Africa and parts 
of the Middle 
east and India 
Spinescent evergreen tree with a dark 
brown stem. Height of 6-10 m and up to 
diameter of 30-50 cm at breast height. 
Leaves and seeds are used as food, bark as 
a substance for fishing and the wood as 
yoke for draught animals and hand 
implements. 
 
MD, 
FO, FD 
 
Least 
concern 
Desertifica
tion 
Parkan, 1993; 
Hiernaux et al.,  
2006; Sagna et 
al., 2014 ; 
Aviara et 
al.,2005 
 
Khaya 
senegalensis 
Kahi/Madacci Meliaceae Savannahs and 
gallery forests 
Semi deciduous tree. Height up to 30 m 
high and up to 3 m in girth, wide dense 
crown, large branches and thick stems. 
Bark is dark grey, with small and thin dark 
pink slash exuding red latex. Has 
compound  leaves  
MD, 
FU, 
CR, FD 
CA, 
TM  
 
Endangered Saplings 
are fire 
sensitive 
Keay, 1989; 
Natta, 2003; 
Jøker and 
Gaméné, 2003; 
ICRAF, 2008 
Ptericarpus 
erinaceous 
Banuhi/Madobi
ya 
Fabaceae- 
Papilionoide
ae 
African 
Savannahs and 
woodlands 
Height of 8 - 15 m. The tree has an open 
spreading crown that is less wide and 
dense compared to Afzelia africana and 
Khaya senegalensis. 
MD, 
FU, 
CR, FD 
CA  
 
Vulnerable Extraction 
for cattle 
fodder 
Agricutura
l 
expansion, 
Bonkoungou, 
1999; Petit, 
2004. Pre et al., 
’ 2010 
69 
 
population 
pressure 
Strychnos 
spinosa 
Buttohi/Kokiya Loganiaceae 
/Strychnacea
e 
Savannah 
forests of 
tropical Africa  
 Small tree, 1-7 m in height, 6-12 cm in 
diameter. It bears edible, balled-shaped 
fruits. Unripe fruits have a bright green 
woody peel (3-4 mm thick), which turns 
yellow-brown when ripened. The fruit has 
an edible, juicy, sweet-sour pulp, which is 
pale brown in colour and contains 
numerous hard brown (1-3 cm) seeds.  
 
MD,  
FO, 
FU, FD 
Least 
concern 
Agricultur
al 
expansion 
Sitrit et al., 
2003 
Tamarindus 
indica 
Zasni/Tsamiya Fabaceae 
/Leguminosa
e 
Caesalpinioi
deae 
Tropical (org: 
Africa and 
Madagascar) 
Evergreen tree moderate to large in size, 
up to 24 m in height and 7m in girth. 
Leaves alternate, compound, with 10-18 
pairs of opposite leaflets. Flowers pale 
yellow or pinkish, in small, lax spikes 
about 2.5 cm in width. Fruit is a pod, the 
shell of the pod is brittle and the seeds are 
embedded in a sticky edible pulp.  
FO, 
MD, 
SD, 
OR, 
DY, 
FR. 
Least 
concern 
Extraction 
for food. 
Desertifica
tion 
Diallo et al., 
2007; Bhadoriya 
et al., 2011; 
http://www.kew
.org/plants-
fungi/Tamarind
us-indica.htm 
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249 patches of fodder plants were marked, and mature trees (adults), saplings and seedling 
populations of the fodder plants were sampled. The game viewing tracks aided the access to 
survey the fodder plants. From the patches of fodder plants marked, 82 (100 m2 x 100 m2) 
plots were selected using the non-random cluster method. The parameters measured for each 
individual tree were: height, diameter at breast height (DBH), canopy cover and recruitment 
or growth levels (seedlings: counts saplings: 10 < cm DBH and at least 2 m in height and 
adults: >10 cm DBH) estimated for the fodder trees: A. africana, P. erinaceus, B. aegyptiaca, 
K. senegalensis and T. indica but for the S. spinosa which is a smaller tree (seedlings: counts, 
saplings: > 5 cm DBH  at least 2 m in height and adults: > 6 cm DBH). Figure 4.2 below is 
the Yankari map showing the complete survey coverage of the study. 
Figure 4.2: Survey coverage in Yankari Game Reserve, Nigeria (2011). ‘No access’: tracks were not 
accessible during surveys; ‘No species’: tracks identify tracks where fodder plants were not 
encountered; ‘Not surveyed’: tracks identify tracks that were not surveyed; and ‘Species’ tracks 
identify tracks where fodder plants were encountered.  
Other parameters measured include: counts of trees showing fire activities, dieback effects, 
and diseased plants. All these parameters were recorded based on visual assessment. 
Photographs of plots were also taken to show some of the activities mentioned.  
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To estimate the rates and patterns of harvests of fodder plants in Yankari and to see whether 
there is between-species variance, eye estimates of crown/branches harvested were made (see 
figure 4.3) following the four levels of percentage harvests reported by previous studies 
(Cunningham, 2001; Nacoulma et al., 2011) and as described in Table 4.2. These 
measurements were done on adult and sapling individuals of the fodder plants only.  
 
 
         
Figure 4.3 (a - d): Harvest rates in Afzelia africana: a and b = complete removal of crown and 
branches; c = partial removal of crown and branches; d = crown and branches intact. 
 
 
 
 
 
a b 
c d 
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Table 4.2: Description of four levels of harvest intensity adapted from Cunningham (2001) and 
Nacoulma et al., (2011).  
Percentage of harvest Intensity of harvest 
Individuals without  their crown harvested Null 
Individuals  with 0 -25% of their crown harvested Weak 
Individuals with 25 -50% of their crown harvested Medium 
Individuals with > 50% of their crown harvested Severe 
 
To determine whether core-boundary distance influences harvest rates and recruitment of 
fodder plants in Yankari, the core is defined as the Wikki camp and the plots (e.g. Lipji track, 
Ahmadu Bello way and Loopline1 – 4) closer in proximity to Wikki camp are considered 
core and those farthest away are considered boundary (e.g. Bogha track, Gale track, and the 
end of Sha’aman track). In order to describe the types of interaction and incursions that 
herders and their livestock have in Yankari, a GPS was used to record the location of any 
encounters with domestic livestock. In addition, other indirect activities (e.g., cattle hooves, 
cattle dung, activity around a water source etc.) were recorded and included as evidence of  
herders’ interaction with Yankari in the study. 
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4.2.2 Data analysis: 
Arc Map 10.1, ERDAS IMAGINE 2013 and R 3.1.2 statistics packages and Microsoft 
EXCEL 2010, were used to analyse the data for this chapter. Firstly, the characteristics of 
fodder plants, i.e. basal area, size classes, growth levels and fire impacts, were estimated 
using, means of counts and standard errors across the plots. Secondly, to determine the 
patterns and extent of harvest rates across the fodder plants, weighted averages (weighting in 
this thesis was based on the midpoint of harvest rate categories weighted by number of 
individuals of the fodder plants.  The categories are the harvest rates across the four classes 
(Cunningham (2001) and Nacoulma et al., (2011) expressed in percentage.  The harvests rate 
used in my thesis followed the description of four levels of harvest intensity adapted from 
Cunningham (2001) and Nacoulma et al., (2011)). In fodder plants per plot were calculated, 
and mean percentages were plotted on maps (per species) using different colours. A 
regression analysis was carried out to test the influence of core – boundary distance (km) on 
harvest rates (%) of the fodder plants and  a generalized linear model (Poisson family) was 
fitted to determine the influence of core - boundary distance (km) on counts of seedlings, 
saplings and adult fodder plants. Lastly, evidence of incursions (direct and indirect) were 
recorded and plotted on the map of Yankari using ArcGIS tools. 
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4.3 Results 
4.3.1 Summary of plot measurements for the fodder plants surveyed 
Figures 4.4 and 4.5 show the mean numbers of stems per plot and mean diameter at breast 
height (DBH) respectively for the all sampled plots.  A. africana have both the highest stems 
per plot (4.3) and the highest DBH (27.3cm). S. spinosa, though the second most abundant in 
terms of mean number of stems per plot has the lowest DBH (5.8 cm). B. aegyptiaca appears 
the least abundant (5.4) species among the four that were surveyed yet P. erinaceus and B. 
aegyptiaca have similar DBH (18.3 cm and 18.8 cm).  
 
 
Figure 4.4: Mean number of stem per plot +/- SE of fodder plants sampled across all plots. A. 
africana = Afzelia africana; P. erinaceus = Ptericarpus erinaceus; S. spinosa =Strychnos spinosa; B. 
aegyptiaca = Balanites aegyptiaca. 
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Figure 4.5: Mean DBH +/- SE of fodder plants sampled across all plots A. africana = Afzelia 
africana; P. erinaceus = Ptericarpus erinaceus; S. spinosa =Strychnos spinosa; B. aegyptiaca = 
Balanites aegyptiaca. 
.   
Size classes of the fodder plants are presented in Figure 4.6. The size classes show different 
distributions. A. africana showed a bell-shaped distribution with the greatest number of plants 
being in the 20 - 30 DBH class. The lowest number of plants are within the 0 – 10 and 50+ 
DBH classes. B. aegyptiaca showed an inverse J-distribution (A reversed or inverse J-shaped 
size distribution has been regarded as a proxy of population growth or dynamic equilibrium 
(Bin Y et al., 2012). P. erinaceus and S. spinosa showed similar distributions that were 
neither bell-shaped nor inverse J shape (negative slopes indicate the occurrence of sufficient 
recruitment and 'stable' populations (see Leak, 1965; Helm and Witkowski, 2012; Haarmeyer 
et al., 2013). Except for P. erinaceus which shows the dominant DBH class with (10 - 20 
DBH). S. spinosa has the more dominant DBH classes of >10 cm. 
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Figure 4.6: Size class (in DBH) distribution of mean counts of fodder plant in Yankari.  
Photographs of some fire-affected areas are presented in Figure 4.7. Various types of fire 
impacts were observed on the trees. Some impacts were seen on the tree crowns however the 
most severe impacts were seen on the bark of the trees. In addition, dead standing trees and 
logs were observed throughout the reserve. Mean counts of dead trees, trees with dieback 
effects and live trees are shown in Figure 4.8. A. africana showed 14 out of 66 sampled trees 
having some fire impacts. Conversely P. erinaceus, S. spinosa and B. aegyptiaca all showed 
low mean count values of fire impacts. 
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Figure 4.7: Photos of fire impacts on fodder plants in Yankari Game Reserve, Nigeria. Fire impacts 
vary in intensify, severity and timing in Yankari.  
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Figure 4.8: Mean counts and standard errors of fire impacts on fodder plants. Dead = dead trees; 
Dieback = trees with severe fire impacts showing signs of not being able to recover; Live = plants 
with mild or no fire impacts. A. africana = Afzelia africana; P. erinaceus = Ptericarpus erinaceus; S. 
spinosa =Strychnos spinosa; B. aegyptiaca = Balanites aegyptiaca. 
 
4.3.2   Rates of harvests of Fodder plants as indicators of herders’ activities  
The core-boundary distance map of Yankari was created with intervals of 5 km separating 
each layer (Figure 4.9). The map covered all plots surveyed from core to the boundary of the 
reserve.  
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Figure 4.9: Relationship between surveyed plots and boundary distances in Yankari Game Reserve, 
Nigeria. Green dots represent the surveyed plots. Distance is from Yankari boundary, both inside and 
outside. 
Bar plots of the percentage harvest rates of the fodder plants were created, Figure 4.10. A. 
africana shows the highest percentage of harvest with mean of 51%. B. aegyptiaca showed a 
moderate percentage rate of 31% P. erinaceus and S. spinosa had low harvest rates of at 21% 
and 12% respectively. 
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Figure 4.10: Plot means +/- SE of percentage harvest rates of fodder plant species in Yankari Game 
Reserve, Nigeria. A. africana = Afzelia africana; P. erinaceus = Ptericarpus erinaceus; S. spinosa 
=Strychnos spinosa; B. aegyptiaca = Balanites aegyptiaca. 
 
The harvest rates of the fodder plants s from core – boundary is also presented in Figure 4.11. 
There is no clear pattern between the spatial distribution of the species and the rates of 
harvests of the species. A. africana for example is harvested severely both at the core and the 
boundary of the reserve. Nevertheless, a few plots showed weak harvest rates at the core. 
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Figure 4.11: Spatial distribution of harvest rates of fodder plants in Yankari Games Reserve, Nigeria. 
Harvest rates are: Individuals with 0 - 20% = weak harvest; 25 – 50% = medium harvest; and > 50% = 
severe harvest. 
 
Scatter plots of core - boundary distance on harvest rates of fodder plants were created 
(Figure 4.12). The regression analysis used to determine the impact of core - boundary 
distance on harvest rates of the fodder plants showed that there is a positive correlation and 
high significant impact of distance on the harvest rates of A. africana (p = 0.0001) but not so 
for P. erinaceus (p = 0.4358), B. aegyptiaca (p = 0.9083) and S. spinosa (p = 0.5818). The 
regression coefficient values are presented in Table 4.3 below.   
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Figure 4.12: Core – boundary distance relationship to harvest rates for fodder plants in Yankari Game 
Reserve, Nigeria. Each blue dot represents percentage of weighted mean harvest rate per plot and red 
line = regression line. 
Table 4.3: Regression Coefficient values of Afzelia africana, Ptericarpus erinaceous, Strychnos 
spinosa and Balanite aegyptiaca. 
 A.  africana P. erinaceous S. spinosa B. aegyptiaca 
Adjusted r² 0.1774 -0.0061 -0.0132 -0.0410 
p 0.0001 0.4358 0.5818 0.9083 
Slope 1.1317 -0.2108 0.1731 -0.0777 
Intercept 30.4771 24.6575 8.8909 30.4442 
 
Table 4.3 presents the output from the regression analysis.  Only A. africana had a 
statistically significant relationship between harvest rates and distance at the 5% interval 
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level. However the regression model only accounted for 14.1% of the variability in the 
model. P. erinaceous, No significant results were found for S. spinosa and B. aegyptiaca.  
4.3.2   Impacts of core - boundary distance on fodder plants recruitment (seedling, sapling 
and adults) 
The mean counts of the fodder plants showed the dominance in seedlings across the three of 
the four species investigated (Figure 4.13). The exception was B. aegyptiaca where adult 
trees are dominant. Saplings are the least abundant of the 3 growth levels. A. africana was 
found to be the most abundant species, followed by S. spinosa, and then P. erinaceus. 
Observations of B. aegyptiaca were fewest with mean counts of seedlings, saplings and adult 
trees all totalling fewer than 10 individuals. 
 
Figure 4.13: Mean +/- SE counts of fodder plants recruitment in Yankari Game Reserve, Nigeria. 
 
Scatter plots of the core – boundary relationship between distance and fodder plants are 
shown in Figure 4.14. In all 3 growth levels (seedlings, saplings and adults) for all fodder 
plants, there are positive impact of distance on the fodder plants. The linear slopes show both 
negative and positive correlation. The Poisson coefficient table (Table 4.4) further gives 
evidence on the significant impacts distance has on the recruitment of fodder plants in 
Yankari.  
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Figure 4.14 (a-d): Relationship between core-boundary distances and recruitment of four fodder 
plants in Yankari Game Reserve, Nigeria. a = Afzelia africana; b = Ptericarpus erinaceous; c = 
Strychnos. spinosa; d= Balanites aegyptiaca. Blue dots represent plot location and redline is 
indicative of linear relationship.  
The Poisson models fitted to determine the impact of distance on counts of the seedlings, 
saplings and adults of fodder plants gave positive statistically significant results (See, Table 
4.4 for the Poisson coefficients). Results presented in Table 4.4 shows a range of weak, 
medium and strong relationships between the parameters.  
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Table 4.4: Poisson regression coefficients for relation between core-boundary distances of fodder 
plants in Yankari Game Reserve, Nigeria. 
 
Species Growth level P- value Coefficient for Poisson  
A. africana Seedlings 0.0001 -0.0342 
 Saplings 0.0130 0.0193 
 Adult 0.0320 -0.0036 
P. erinaceous Seedlings 0.0001 0.0278 
 Saplings 0.0001 -5.8350 
 Adult 0.0001 0.0243 
S. spinosa Seedlings 0.0030 0.0062 
 Saplings 0.0009 -3.3000 
 Adult 0.0027 0.0144 
B. aegyptiaca Seedlings 0.0001 -0.0874 
 Saplings 0.0130 -2.4840 
 Adult 0.0001 0.0548 
 
4.3.3   Park incursions in and around Yankari Game reserve 
4.3.3a Direct and indirect incursions by herders and their livestock  
Evidence of incursions from herders and their livestock were observed and recorded along 
some of the tracks, throughout the reserve during the survey (see, Figure 4.15). Up to 440 
cows, sheep, goats, and donkeys were estimated in total, also more than 40 cow tracks and 
several cow dung and cow hooves were marked.
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Figure 4.15: Evidence of incursions from herds/herders in Yankari Game Reserve, Nigeria: A = presence of cows in the reserve during the survey; B = 
various cow tracks throughout the reserve; C = herd’s activities along the watering ponds; D = prints of cow hooves throughout the reserve; E = cow dungs 
throughout the survey plots; F = donkeys were also seen tied to graze in the reserve.
A B C 
D E F 
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These incursions were grouped into direct (cows, sheep, goats, donkeys) and indirect (cow 
tracks, cow dung and cow hooves) incursions. The survey coverage and the points and extent 
of the incursions of the herders in Yankari are shown in Figure 4.16. 
 
Figure 4.16: Incursions from herds/herders’ activities in Yankari Game Reserve, Nigeria. Each blue 
diamond/red triangle represent a GPS point of any of cow tracks, cows, cow dung, cow hooves, sheep, 
goats, and donkeys. Red and yellow lines are game viewing tracks traversed. 
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4.4. Discussion 
4.4.1 Population structure of fodder trees  
Most size classes are represented in the fodder plants studied with a high concentration of 
individuals in the “20 to 40 cm” size class dominating for all species excluding S. spinosa 
which showed the  characteristics of a shrub species (greatest abundance of individuals sized 
5 - 15 cm). B. aegyptiaca is the only species that showed the inverse J- shape of the size 
distribution curve which is indicative of a stable population structure, with abundant 
individuals in small size classes and a progressive decrease of individuals in upper size 
classes. Unfortunately, the low population of B. aegyptiaca restricted the drawing of 
meaningful conclusions on the size classes. Conversely, A. africana had a bell shape 
distribution indicative of an unstable population structure suggesting important perturbations 
affecting population structures. This may be due to the combined effects of illegal and 
uncontrolled human activities evident by the high level of fire activities found in Chapter 3 
and the impacts of the burning on trees as seen in Figures 4.7 and 4.8. The same distribution 
was observed by Paradis and Houngnon (1997) in the Lama Reserve, Benin and in Bassila 
forest reserve in Benin (Sinsin et al., 2004) across three bioclimatic zones in Benin. However, 
A. africana is known as a shade-intolerant species (Sinsin et al., 2004); similarly, Sokpon and 
Biaou (2002) reported that its size-class distribution indicates the absence of young trees with 
less than 20 cm diameter and also the difficulty in its recruitment in a heavy clayed-soil forest 
such as the Lama Reserve. 
 
The size class distributions of P. erineaceus and S. spinosa could not be determined. This 
scenario could point to the fact that these two species are not under immediate primary 
threats in Yankari. 
 
4.4.2 Rates and patterns of harvest of fodder plants  
 
With the close proximity of the local communities to Yankari (mostly within 5 km of the 
boundary), the expectation was to find higher harvest rates at the boundary than in the core 
however this hypothesis was only supported for A. africana (see Figures 4.9, 4.10 and 4.11). 
Our study findings also showed that A. africana and B. aegyptiaca are severely harvested in 
Yankari by the herders while the harvest rates for P. erinaceus and. S. spinosa are low. The 
high proportions of harvested A. africana and B. aegyptiaca trees show that these species are 
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highly used by herders for their livestock in Yankari. A. africana appeared and generally was 
identified as being the most preferred fodder plant by the herders. This may be attributed to 
its high nutritional values to the ruminants (Ikhimioya, et al., 2007; Ouédraogo-Koné, 2008; 
Gaoue and Ticktin, 2011). Throughout Yankari A. africana trees are severely harvested. A. 
africana, sprouts earlier than other trees before the onset of rains. This period coincides with 
herders’ peak period of foliage need for their livestock with the soft bright green leaves being 
ideal for the livestock (Green, 1986). Harvesting impacts identified in this study are in line 
with the findings of Petit and Maillet (2001), Ouédraogo-Koné et al., (2008) and Nacoulma 
(2011), who all found high proportions of harvested A. africana and P. erinaceus and 
concluded that they are high value species particularly appreciated by herders for their 
livestock in the Sudanian zone. The results also suggest clear but different patterns of foliage 
harvest between the species of fodder plants investigated. 
 
Generally, the fodder plants were subject to a foliage-specific harvest pattern, where the 
fodder plants were totally, partially or not harvested at all. This was clearly seen in few 
saplings and most adults of A. africana, P. erinaceus and B. aegyptiaca. Individuals of S. 
spinosa are generally slashed into two and the crown falls to the ground, such that it is 
accessible to the grazing livestock. Steps are cut into the tall A. africana trees by herders with 
sharp knives for ease of climbing. Leftover branches were observed under most of the A. 
africana affected by harvesting. This was similar to both P. erinaceus and B. aegyptiaca but 
there were no signs of bark harvesting on any of the fodder plants surveyed. A previous study 
in southern Africa by Geldenhuys (2004), also reported that smaller trees were not bark-
harvested.  
 
The spatial distribution of the fodder plants in Yankari does not seem to be an indication of 
the extent and rates of harvests of these plants. A africana, for example, showed severe 
harvest at the core as well as at the boundary of the reserve. Similarly, the same pattern was 
seen in the other fodder plants. This is an indication that, the herders move and harvest the 
trees freely within the park, revealing none or weak monitoring in Yankari. Nevertheless, a 
few plots showed no or low harvest rates at the core. 
Studies have shown that Fulani harvesters maximize the amount of foliage harvested for each 
tree in order to reduce the number of trees they need to climb (Gaoue and Ticktin, 2007). In 
addition, traditional Fulani practices such as the sopoodu provide a basis for sustainable 
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management of fodder plants (Gaoue and Ticktin 2009). However, this practise was not 
observed in this study; it may be that the sopoodu is only applicable to K. senegalensis. 
Further survey on the sapoodu, including interviews, are recommended to find out whether it 
is used in the Yankari or not. 
 
4.4.3 Core-boundary-distance influence on harvest rates and recruitment of fodder trees  
 
The mean count of fodder trees recruitment corroborates typical good seedlings dominance in 
A. africana, P. erinaceus and S. spinosa, while B. aegyptiaca showed the adult as the 
dominant growth level. However, less than 10 individuals were observed during surveys 
reducing the robustness of conclusions. For all four species, the mean counts of saplings were 
very low in the survey. 
 
In all four fodder plants, there were observed relationship s between distances (0 - 21 km) 
along the core-boundary of Yankari and the counts of seedlings, saplings and adults. 
However, the sapling population was low among all fodder plants investigated. The observed 
low number of saplings in this area could be due to other biotic and abiotic stresses. The low 
counts in sapling population can be attributable to other factors that hinder the survival of 
fodder plants in Yankari. The study found that some of the seedlings and saplings were 
browsed on during the survey although these may be the result of utilization of these species 
by other herbivores in the reserve including the buffalos and the antelopes. In related studies, 
Ouédraogo-Koné et al., (2008), found herbivore pressures through consumption of seeds and 
seedlings in West Africa sub-humid zone, while Onana and Duvineau (2002) observed these 
pressures through trampling, hinder the regeneration process in plants. 
 
Fire is synonymous with the savannahs. In most species fire is generally assumed to kill 
seedlings of woody plants (Grellier et al., 2012) and significantly hinder sapling growth 
(Grellier et al., 2012; Saha and Howe, 2006). However, seedlings and saplings, such as C. 
molle, E. abyssinica and S. spinosa, died back to ground level even in the absence of fire. 
Wakeling et al., (2011) observed that saplings growing at mean rates under typical fire 
regimes in African savannahs are not likely ever to escape the fire-trap and become adults. 
African savannah woody plant species normally experience and survive more than one fire 
event as saplings before advancing into the adult species (Hoffman, 1999). However, Werner 
91 
 
(2012) observed that early dry-season fires enhanced growth in the height of eucalyptus 
saplings compared to fire-protected saplings and concluded that sapling growth responds to 
fire and the probability to reach the tree phase vary with life history stage. Dry season 
drought may also be responsible for the survival of saplings. It is likely that some species 
may re-sprout during the rainy season depending on their root system etc. (Turner, 2001). 
 
There is a high level of incursions in Yankari by the surrounding local communities. Jada 
(northeast) and Kwankwani (southwest) tracks had the highest numbers of cow tracks 
however no patches of fodder plants were identified on these tracks although indications of A. 
africana were noted in both locations suggesting these plants has been greatly degraded. The 
cattle tracks that were marked, differed both in length and width. Some of the cattle tracks 
were wider than the game viewing tracks and the hoofs on the tracks showed that large herds 
of cattle had used the tracks recently. Many herds of cattle and other livestock were 
encountered during the surveys but they were always without a herdsman. This is because 
“the herdsmen are very smart and they hide in the bushes immediately they detect any sounds 
of vehicles or they hear human voices” according to an old park ranger. 
 
A few yards outside the boundary of Yankari, near the Bogha track and also to the far north 
of the Sha’aman track, many Fulani tents were observed. Some of the donkeys and camels 
that belonged to the Fulani, were tied in the reserve to graze. These findings further validate 
the reports of Green (1986) (Chapter 2, Appendix 1) who reported a high level of activity in 
Yankari from cattle grazers during the dry season. Also more recent reports (Tiseer, 2009; 
Omotoriogun et al., 2011and Tende et al., 2011), highlighted the high levels of anthropogenic 
activities around the Yankari boundary. 
 
4.4.4 Study implication for conservation and management  
 
This research highlights that all parts of the reserve are accessed by the herders who graze 
their livestock in Yankari. There is evidence that species of A. africana and the other fodder 
plants were harvested at high rates near the core (Lipji track and Ahmadu Bello way) as well 
as near the boundary of Yankari. It is therefore important for the staff and rangers in Yankari 
to improve on existing monitoring, including patrol schedules, so as to reduce or completely 
stop the illegal harvests of fodder plants. The Wildlife Conservation Society (WCS) has been 
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involved with anti-poaching activities since 2009 using cyber trackers and collaring of 
elephants to monitor their herds. In 2014, the WCS signed a memorandum of understanding 
with the Bauchi state Government and have taken over the responsibility of conservation and 
protection in Yankari (WCS, 2014).The new management plan (WCS, 2014) details 
improved patrol efforts, especially in 2014, and it is possible therefore that there may have 
been some improvement in the reserve between the period of the survey (2010 - 2014) and 
the new role of WCS. 
The observed patterns of foliage harvest provides insight on what kinds of conservation plans 
may be most appropriate to initiate/adapt in Yankari. 
Clearly, Yankari herders severely harvest A. africana species. Herder’s prefer to harvest the 
young light green leaves, as opposed to the old dark green leaves that have not been 
harvested over long periods. Therefore, the already harvested trees stand more chances of 
being harvested than the ones not harvested the previous season. Of course, increased 
demand could lead to the exploitation of these populations in the future, and their status will 
therefore depend on their level of protection and availability of alternative harvest options. 
 
Low sapling densities in fodder plants prevail in Yankari. Consequently the genetic diversity 
should be assessed in order to opt for the best strategy that will maintain and maximize the 
genetic diversity. Protection might efficiently provide better conditions for sapling 
regeneration and favour the recruitment and conservation of tree densities  
 
Lastly, the establishment of fodder plants plantations is worth considering for both ex situ 
conservation of highly harvested plants and to reducing the harvesting pressure on wild 
natural populations. Studies in Benin found that Fulani people avoided pruning K. 
senegalensis trees planted along roadsides or in plantations (Petit, 2003; Gaoue and Ticktin, 
2007). Consequently, if the herders in Yankari are encouraged to plant fodder plants around 
their own compounds, it may be a conservation option.  
 
Findings from this study suggest that multi-scale assessments are needed to understand the 
synergic interaction of the threats and predict how fodder plants may fare in future. These 
assessments should include estimating densities of local communities and farmlands near the 
boundary and changes over time, because any increase in human population will suggest 
more pressure on Yankari 
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4.5 Conclusion  
 
The findings from this study reveal that fodder plants are harvested in Yankari but the extent 
of the harvest varies by species (A. africana and B. aegyptiaca are severely harvested).  A. 
africana and B. aegyptiaca seem to be the preferred fodder by the herders of all the species 
investigated. Additionally, the findings showed that distance is not a constraint to herders’ 
activities in Yankari, as harvested fodder plants were encountered to the same extent at the 
core (e.g. Lipji track and Ahmadu Bello Way) as well as at the boundary (e.g. Bogha track, 
Yalo track, end of Sha’aman track). Findings from this study also revealed that fodder plants 
recruitment were significantly impacted by distance from the core to the boundary at all 
growth levels. Furthermore, Yankari was found to be surrounded by many local communities, 
most of the local communities were 5 km and less from the boundary of Yankari and many of 
the herds’ of livestock found in the reserve belong to those communities. The wide and 
narrow cow tracks found within Yankari can be traced to the routes of incursions from the 
local communities. 
 
The management of Yankari needs to set out effective monitoring of habitats, especially areas 
around the boundary to evaluate current strategies for conservation and liaise with other 
regional conservation strategies to maintain the protected area.  
 
The results of this current study have given evidence of change in the woody vegetation of 
Yankari (see, Chapter 2), which suggests a rising trend in human activities at the boundary of 
Yankari (see, Chapter 3). The findings also confirm that these human activities have recently 
extended into the reserve. Finally, this study has also shown the high interaction of the local 
communities surrounding Yankari with the reserve. Consequently, it will be beneficial to 
involve the local communities in the next phase of this research in order to determine whether 
local communities are aware of the changes in their environment, particularly with regards to 
the fodder plants being investigated. Globally, in the fields of conservation biology and 
environmental science, participatory studies have been a main consideration. Therefore, to 
explore the perception of the herders in the local communities on the trends in their herds and 
fodder availability, will be interesting. This is to aid the author in making effective 
recommendations towards best sustainable use options (e.g. agroforestry parklands, 
sensitization for seedlings protection) for the fodder plants under investigation. 
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Perceptions of herders on trends in their herds and abundance of fodder plants. 
 
Abstract 
This study gauges the perceptions of the herders in the local communities surrounding 
Yankari on fodder availability, and trends in their herds’ status over time. Surveys were 
conducted in five local communities (Dagudi, Galen sanji, Jada, Yalo and Pali) surrounding 
Yankari. Only male sedentary herders were included in this survey, with majority of the 
herders being Fulani. Focus group discussions with Yara, Mattassa and Dattijai were 
conducted. Additionally, 122 questionnaires were administered. Both the FGDs and the 
questionnaires were designed to focus on understanding herder’s perceptions of fodder 
plants (Afzelia africana, Pterocarpus erinaceous, Strynos spinosa, Balanites aegyptiaca, 
Tamarandus indica, Khaya senegalensis). Data analysis was performed with R version 3.1.2.  
Cross-tabulation was used to determine differences between herders’ responses on rarity and 
preferences of fodder plants between local communities. Additionally, descriptive statistics 
were used to compare data and trends in herds’ status. Data on demographic characteristics 
was also summarized with descriptive statistics. Major findings include: Afzelia africana and 
Khaya senegalensis as being perceived as very rare by the herders from local communities’ 
sampled. On livestock preferences of fodder plants, herders perceived that cattle prefer 
Afzelia africana, Khaya senegalensis and Ptericarpus erinaceous while sheep and goats 
prefer Balanites aegyptiaca and Strychnos spinosa in local communities sampled. 
Furthermore, the herders in Yankari inconsistently reported on the trends in their livestock 
but had clear knowledge of the preference and availability of fodder plants in their 
surroundings. Conclusively, the study found out that many Fulani and their livestock 
undertook major migrations to the local communities in the 1980s and 1990s. Herders are 
aware of the decline in the abundance of fodder plants and have devised temporary migration 
as a strategy to cope with the situation. 
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5.1 Introduction 
Understanding the social drivers of resource use has recently become a key question in 
conservation biology and environmental management (Bawa et al., 2004; Milner-Gulland, 
2008; Mace et al., 2008 Gaoue and Ticktin, 2009). Issues regarding how indigenous people 
perceive their environment; make resource use decisions, and what factors influence their 
perceptions and interactions, are central questions in ethno-ecology (Gaoue and Ticktin, 
2009). Furthermore, ethno-ecological studies advocate an integration of indigenous 
knowledge base into ecological studies to advance the understanding of ecological processes, 
improve ecological impact assessments, and develop better plans for sustainable resource use 
(Ticktin and Johns 2002; Bawa et al., 2004; Donovan and Puri, 2004; Ghimire et al., 2004; 
Fraser et al., 2006;  Gaoue and Ticktin, 2009). Consequently, it is important to analyse results 
from an indigenous knowledge base and evaluate its consistency with scientific knowledge 
base (Fraser et al., 2006; López-Hoffman et al., 2006; Gaoue and Ticktin, 2009), so as to 
identify key ideas that can be consolidated into scientific research and programmes for 
sustainable resource use. 
 
In the drylands of West Africa, rural families keep domestic animals as source of food and 
nutrition, for cash, for cultural heritage and for household security. Forests and woodlands 
provide the pasture for grazing as well as fodder for stall-feeding. Fodder plants (e.g., Afzelia 
africana, Khaya senegalensis, Pterocarpus erinaceus, Balanites aegyptiaca) are highly 
utilized as feed for livestock in the long period of dry season (Petit, 2003; Gaoue and Ticktin, 
2007; Jurisch et al., 2012; Bufford and Gaoue, 2014). While fodder is found and used locally, 
uncontrolled fodder collection and frequent grazing has led to forest depletion (FAO, 1995; 
Agustino et al., 2011). In the period between November and March, grasses are completely 
dry and do not contain any carotene and nitrogen represents only 1% of the dried matter. The 
only source of digestible nitrogenous matter comes from the green leaves of trees and shrubs. 
Therefore woody plants serve as reserves that support livestock (LeHoue’rou, 1980, Lykke et 
al., 2004).  
Herding is a common practice among pastoralists who are highly mobile. The mobility of the 
pastoralists has positive as well as negative impacts on the uses of natural resources (Monod, 
1975 and 1975b; Toupet, 1975 and Scoones, 1995). The movement of the pastoralists is 
characterised by sporadic livestock grazing which allows for the regeneration of the grazed 
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vegetation, which is beneficial for the environment (Gulliver, 1955 and Stenning, 1959; 
Behnke et al., 1993; Dupire, 1996). However, pastoralists’ movements have also been shown 
to negatively affect natural resources, through heavy harvest and misuse (Petit, 2003; Gaoue 
and Ticktin, 2007). Such harvest, has economic and cultural implications (Ticktin, 2004; 
Bawa et al., 2004) and has also shaped this tropical landscape for several decades (Petit, 
2003; Gaoue and Ticktin, 2007; Jurisch et al., 2012, 2013). 
Sustainable management and conservation of these fodder plants require an understanding of 
indigenous ecological knowledge and perceptions of the impacts of harvest and other sources 
of disturbance, and how these influence resource use patterns. This information is critical for 
designing and implementing management plans that fit with local cultural practices and 
perceptions. Therefore, ethno-ecological interviews adapted for this study should help 
explore herders’ knowledge, practices, and perceptions of the ecological impacts of 
harvesting fodder plants. 
In the previous chapter, (see, Chapter 4), findings suggests that herding activities are 
prevalent in Yankari and severe rates of harvests in some fodder plants is one of the most 
important factors causing decline in the fodder plants. The level of degradation of these 
fodder plants could not be easily quantified with the vegetative assessment alone, hence this 
chapter will add evidence to the findings from chapter 4, on fodder preference. Additionally, 
as a result of the local communities living in close proximity to the reserve, the expectation is 
that these herders will be more knowledgeable on the changes in fodder plants hence their 
knowledge will also help substantiate the findings of the previous chapter. Furthermore, in 
designing major conservation programmes it is important to understand the natural resources 
that local people value from protected areas, therefore, understanding their perspective in this 
regard is important for this study. 
This study explores the perceptions of herders in the local communities surrounding the 
reserve, with regards to trends in their herds and abundance of fodder plants. By combining 
information on use-preferences and fodder plants dynamics, fodder plants will be evaluated 
to identify aspects of importance for local use and conservation. The study is designed under 
two objectives.  
 To ascertain trends in livestock abundance of herders in the local communities 
surrounding Yankari.  
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 To determine herders’ perception on fodder preference and availability 
5.2 Brief Background of human communities under study 
The Fulani or Fula or Fulbe (Fula: Fulɓe; French: Peul; Hausa: Fulani; Portuguese: Fula; 
Wolof: Pël; Bambara: Fulaw) are a very significant ethnolinguistic group in Africa 
numbering approximately 40 million people (Iro, 2008; Petit, 2004). The Fulani speak 
Fulfulde and they are a widely dispersed and culturally diverse people. Fulani are mainly 
found in West Africa in a region extending from Senegal to Cameroon in Sahelo - Sudanian 
Africa (Petit, 2004),  in the northern parts of Central Africa, and North Africa (Tishkoff et al., 
2009). An estimated 13 million Fulani are nomadic, making them the largest pastoral 
nomadic group in the world (Dyson-Hudson, and Dyson-Hudson, 1980). The Fulani are a 
heterogeneous group. Some are nomadic, pastoral, and Bororo. Another group are semi-
nomadic, and the last group are the settled Fulani or “town Fulani” (Bierschenk and Le Meur, 
1997). Nomadic pastoralists herd their livestock in order to find fresh pastures on which to 
graze. The pastoral Fulani move around with their cattle throughout the year, they typically 
do not stay longer than 2- 4 months at a particular area at any time i.e. the nomads follow an 
irregular pattern of movement (Blench, 2001).  
Generally, the loss of cattle from the past decades has resulted in increasing sedentarisation 
of the Fulani (Hamphire and Smith, 2001; Juul 2005; Iro, 2009). In Nigeria, for example, 
Fulani can be categorized sociologically into four groups: 1) the ruling dynasties of most of 
the Northern Nigerian Emirates (Hogben 1930); 2) the settled Fulani, who are in occupations 
as court officials, judges, scribes, entrepreneurs and farmers; 3) the semi-sedentary Fulani (in 
Northern Nigerian), who are primarily farmers, but who  also maintain herds of cattle for 
which pasture is sought at a distance;  and 4) the pastoral Fulani (Bororo, in Northern 
Nigeria) who depend completely on their herds of zebu cattle for subsistence, and whose 
lives are tuned to continuous transhumance, migratory drift, and periodic migration (Dongmo 
et al., 2012). 
The household is the herd-owning and rearing unit for the Fulani (Iro, 2008). Tasks are 
assigned to individual members of the family as a form of division of labour. Each individual 
member of the family in turn contributes to, and benefits from livestock rearing (Stenning, 
1959; Sutter, 1987; Bierschenk, 1988). Through this division of labour, the Fulani optimize 
their production methods (Wilson 1985). Regardless of age, gender and assigned tasks, a 
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member of the household learns all the herding skills. The Fulani has a fixed routine - each 
day at sunrise, Fulani free the livestock from the tether and take them out to the field to graze. 
The animals are returned home/camp in the afternoon for milking and watering and taken 
back again to graze until sunset. At night the Fulani keep vigil on the livestock, protecting 
them from bandits (Iro, 2009). 
In a Fulani household, men are the providers.  They protect both the household members and 
the herds from carnivores and raiding tribes. The men also take the animals to long-distance 
pasturelands, find fodder, dig wells, and make or buy weapons such as guns, knives, swords, 
herding sticks, and bows and arrows (Iro, 2009). The sons of the Fulani are herd boys for the 
family till they marry and establish their own families. . In return for their service as herd 
boys, the Fulani father gives some cattle to his son(s) so that they can start their own herd. 
The wife or wives of the Fulani herdsman are responsible for milking the cattle, take care of 
the basic domestic tasks and raise the children.  
During the nineteenth and twentieth century, one significant development in the geography of 
livestock raising was the southerly movement of the Fulani herds from the Sudano-Sahelian 
zone to the more humid Sudanian and Guinean savannahs of West Africa (Blench, 1994; 
Boutrais, 1994; Gautier et al., 2005). For example, the appearance of large numbers of 
humpbacked zebu cattle in areas where they were formerly absent was viewed by peoples of 
the southern savannah as an invasion (Coulibaly, 1980; Bernardet, 1984; Arditi, 1990). Many 
studies have reported that the severe droughts of the early 1970s and mid-1980s were the 
main reason for the southerly invasion of Fulani pastoralism (Delgadoand Staatz, 1980; 
Arditi, 1990; Bernardet, 1999; Diallo, 2000). Similarly, the literature suggests that Fulani 
pastoralists have settled down in large numbers near less densely populated villages of 
farmers in Sudano - Sahelian zones over the past 30 years (Niamir-Fuller 1998; Swift et al., 
1996; Bassett and Turner 2007).  
 
The Fulani migrants account for a fraction of the population in the host communities although 
they own the majority of livestock. Furthermore, they have few property rights leading to 
their continuing marginalization (Bassett 2009; Benjaminsen and Ba 2009; Dongmo et al., 
2012). Moreover, the recent expansion of cropping areas by farmers has further led to more 
frequent conflicts between farmers and Fulani, as well as increased competition over limited 
resources, as the resources are threatened (Dugué et al., 2004; Kiéma 2007; Benjaminsen and 
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Ba 2009; Weber and Horst, 2011). Furthermore, there has been significant restriction and 
reduction of pasture, significantly reducing forage supply for herds, making herds’ mobility 
more difficult especially during the rainy season (Turner et al., 2005; Dongmo et al., 2007; 
Vall and Diallo 2009). 
Faced with all these challenges, these settled herders have been forced to increase the 
mobility of their livestock (Dongmo et al., 2007; Adriansen 2008; Moritz et al., 2010). Thus, 
mobility is an important characteristic of the Fulani strategy for survival, combining daily 
movements with minor and major transhumance based on different opportunities and 
challenges (Turner et al., 2005; Bassett, 2009; Moritz, 2010; Dongmo et al., 2012).  
 
5.2.1 Study Area 
Yankari is located in Bauchi state (see, Chapter 1 for general description of study area). 
There are 20 Local Government Areas (LGAs) in Bauchi state of Nigeria. Alkaleri where 
Yankari is located is one of the 20 LGAs. Alkaleri LGA has an area of 6,092 km2 and 
Yankari partly   (2,244 km2 ) covers Alkaleri.  During this study, the author could only access 
limited census figures for Bauchi State which served as a guide to interpreting the trends in 
herders and subsequently herds. Figure 1 shows the population density of the 20 Local 
Government Area (LGAs). Yankari is marked Green within Alkaleri. Since Yankari is an 
exclusive game reserve without any human habitation, the population density therefore 
applies to the local communities outside Yankari. 
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Figure 5.1: Population density of 20 Local Government Authorities of Bauchi state, Nigeria showing 
Yankari Game Reserve. 
Alkaleri’s population is reported as 329,424 in the 2006 Census.  The main natives’ in 
Alkaleri from author’s interaction with the people in Alkaleri are the Bolawa, Hausa, and 
Fulani.  
 
Yankari is traversed by game viewing tracks that are linked to local communities surrounding 
the reserve and by which these local communities illegally access and utilize renewable 
natural resources within the reserve (Tende et al., 2011). Previous studies have described the 
nature of the interaction and recommended that urgent action be taken (Green, 1987). A 
recent study has reported the patterns and extent of foliage harvest in Yankari (see Chapter 4) 
impacting on the population structure and dynamics of the fodder plants investigated. The 
plants that are reported to be highly harvested are also evidently browsed by wild stock 
(Tiseer, 2009). Additionally, several interactions of herders were mapped in Yankari which 
gives evidence of local communities’ high interaction with the reserve. (see, Chapter 4).  
5.3.0 Methods 
5. 3.1: Data collection 
Five local communities, Dagudi, Galen sanji, Jada, Yalo, and Pali, surrounding Yankari were 
included in this survey. Stratified random sampling based on the three main districts of 
Alkaleri LGA was used.  The five local communities represented approximately 30% of total 
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number of local communities (18). All the local communities selected are within 5 km from 
the Yankari boundary.  
Firstly, an initial round of visits to the heads of the local communities were made. This was to 
familiarize the survey team with the environment, the people and to seek permission to work 
in the local communities. In all five local communities, the survey protocol was accepted and 
permission to work with the people granted. Each local community head committed the 
permission granted in writing. The interaction with the local communities heads was great 
across the communities and convenient/suitable days for the survey were suggested when 
herders gather in the community square for prayers or for other social reasons. Figure 5.2, 
shows the survey design, which includes all local communities: those in the initial survey 
plan and those that were eventually surveyed.  
Several attempts to get data on the total number of local communities’ proved challenging as 
reports from previous authors were not consistent and reliable. Documents showing patrol 
points used by the rangers of Yankari were accessed, and used as a guide in estimating the 
total number of local communities around Yankari and to determine an appropriate sample 
size. Also the main reason opportunistic sampling was considered and carried out is because 
of the limitations encountered as regards scattered herders’ population, large area of herders’ 
settlements, difficulties in reaching and making contact with the herders etc.  
Both qualitative (i.e., focus group discussions (FGDs), Appendix 2) and quantitative methods 
(questionnaires, Appendix 3) were used to collect data from the local communities. Themes 
for FGDs and the questionnaires were carefully designed to focus on understanding herder’s 
perceptions of fodder plants (Afzelia africana, Pterocarpus erinaceous, Strynos spinosa, 
Balanites aegyptiaca, Tamarandus indica, Khaya senegalensis) and also on trends in their 
herds’ abundance. Only male sedentary herders were included in this survey, although 
majority of the herders in the local communities are Fulani. Furthermore, the Fulani believe 
what determines a family is the heart size, which refers to the number of household members 
that eat from the same pot. Therefore a typical family comprises of a man, his wife (or wives) 
his children and his son/sons’ families. Plant samples (leaves, seeds and branches of the 
fodder plants) were used as tools for both surveys. Questions on plant-based indicators and 
livestock based indicators were included in the themes for the FGDs and the questionnaire 
interviews. All the themes for the FGD were open ended, which allowed for more detailed 
discussion with the respondents, while questionnaires were both open ended (see, question 
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35) and pre coded questions. For the open-ended questions the author improvised measuring 
scale using tin containers of different sizes as indicators of severity or mildness of a particular 
action or situation (see, questions 20, 22 and 23 as examples in Appendices 3). The 
respondents understood the idea behind using the tin containers and they readily assessed and 
answered the questions asked with sufficient clarity. 
 
 
Figure 5.2: Map of Yankari Game Reserve, Nigeria showing survey design. Blue dots represent local 
communities in the original survey but eventually not surveyed; red dots are local communities not in 
original plan and not surveyed; green dots represent local communities in survey plan and eventually 
surveyed and orange dots represent local communities surveyed but not in original plan.  
 
The FGDs were done on an average of 30 minutes with each group per local community. 
Only sedentary herders from age 10 and above were interviewed. This decision was 
influenced by the author’s constraints on budget, time and ability to achieve a degree of 
precision to answer the study objectives. Three categories of male migrant and indigenous 
Fulani herders were included in the FGDs: Yara (children, age = 10 -18); Matassa (youth, age 
= 19 – 45); Dattijai (elders, age = 46 & above). (See, Table 5.1). One group (4 to 7 people) 
each of Yara, Mattassa and Dattijjai were interviewed. A test run on questionnaires was also 
conducted during the FGDs to see if there might be unanticipated problems of wordings, 
instructions and to familiarization with local terminologies. 
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Table 5.1. Shows target population, sample size and key informants in the local communities 
surrounding Yankari Game Reserve, Bauchi State. FGD = Focus Group Discussion. Yara = children; 
Mattassa = Youth; Dattijai = Elderly. Hardo is the leader of the Fulani. 
Communities FGD Key Informant Questionnaire 
Dagudi Yara        7 
Matassa   7 
Dattijai    7 
Hardo 19 
Galen sanji Yara       6 
Matassa  7 
Dattijai   7 
Community head 22 
Jada Yara        5 
Matassa   6 
Dattijai    7 
Hardo  23 
Yalo Yara        6 
Matassa   7 
Dattijai    7 
Sarkin fada  32 
Pali Yara        4 
Matassa   5 
Dattijai    7 
Community head 26 
Total = 5 95 5 122 
 
The village heads recommended the children to be part of the survey because they are the 
ones involved in active herding, therefore they are expected to have best knowledge of the 
current status of the fodder plants. All children were interviewed with elders present. Before 
the start of each interview, each individual was briefed on the objectives of the study. Each 
individual was made aware that the interview would cost them time, that participation in the 
interview was voluntary, and that they could opt out of the interview at any time. The 
respondents were assured that the information collected would not be disclosed nor released 
in any form that would allow their identity to be disclosed or inferred, so as to ensure 
confidentiality. 
A total of 122 herders were interviewed using a semi-structured questionnaire (see, table 5.1). 
Figure 5.3 (a – d) are pictures from the survey. Caution should be exercised in relation to the 
herd size of the pastoralists reported in this study because they usually underreport their 
animal numbers to limit taxation (Pouillon, 1988; Ayantunde et al., 2007). Responses are 
usually dependent on who is asking the question and for what purpose. 
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Figure 5.3: a = species identification in Pali ; b = Questionnaire session in Yalo; c =  Questionnaire 
session in Jada; d = Questionnaire session in Galen sanji    
5.3.2: Analysis of surveyed data  
Data analysis was performed with R version 3.1.2. Cross-tabulation, Chi-square and Kruskal 
Wallis tests were used to determine differences between herders’ responses on rarity and 
preferences of fodder plants within and between local communities. Additionally, descriptive 
statistics were used to compare and present the population data and trends in herd abundance. 
Data on socio – economic characteristics was also summarized with descriptive statistics. The 
population density map of Bauchi state was reproduced with the ArcGIS software. 
5.4.0 Results  
5.4.1 Demographic characteristics herders 
 
The demographic characteristics of the herders appear very similar in ages of the herders but 
differed in the years herders spent in school, heart size of herders’ and year of migration of 
the oldest herder across the local communities surveyed (Figures 5.4 (a - d). Results from this 
study revealed that youth age group (Mattassa) dominate the herding population in all local 
communities surveyed. The average school age (Arabic) across the local communities’ falls 
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in the range of 5 – 9 years, with Pali having the highest average. Dagudi has the highest 
average number of the heart size, other communities have similar averages and Pali has the 
least average number. The oldest migrant herders was to Yalo and Jada in the early 1970s, 
and recently, to Dagudi in 1988. The periods mentioned above gives a picture of when 
herders started settling down in the local communities surrounding Yankari. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 5.4 (a - d): Demographic characteristics of respondents in local communities sampled.  Av. = 
Average.  a = means +/- SE age of herders; b = means +/- SE school age of herders; c = means +/- SE 
heart size of herders; d = date of migration of oldest herder for each community. 
 
The average herd sizes of the livestock are presented in Figure 5.5. The mean herd size of 
cattle generally appear higher than those of sheep and goats. Pali appears to have the highest 
population of cattle, and Jada the lowest. Additionally, the population of sheep and goats are 
similar across all local communities however in Pali the number of sheep and goats are equal. 
Galen sanji and Pali have the highest population of sheep and goats, while Jada has the 
lowest. 
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Figure 5.5:  Mean +/- SE herd size of livestock per local community. Error bars represent 
95% confidence level around the mean values. 
 
 
Herder’s responses on the trends in their livestock herds since the years they migrated are 
presented in Figures 5.6 and 5.7. The figures show general trends on the migration of herders 
to Yankari as well as what the herders perceive as the status of their herds since their 
migration. The herders’ migration in the 1970s was low but this increased in the 1980s. The 
perception on the trends in the herders’ livestock were described as “decreasing, stable and 
increasing”.  
 
Generally the herders’ perception on the trends in status of their livestock was inconsistent 
and varied in responses in cattle as well as sheep and goats. Herders’ migration seem to have 
gone down in recent times (0-20 years ago). Similarly the herders’ perception of their cattle 
seem to have increased (see, Figure 5.6) in (11-30 years ago) and stable/increase in (0-10 
years ago). However there seem to be no clear trends in the numbers of the herders that 
perceived their cattle as decreased, stable or increased. Figure 5.7 shows the perception of the 
herders on the trends in sheep and goats. The figure is also similar to the one of cattle trend 
i.e. no clear trend in seen. Whether these results have arisen as a result of herders’ inability to 
recollect the status of their livestock over the years or not, it is not clear.  
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 Figure 5.6: Trends in status of cattle since migration of herders: y - axis = percentage (%) of herders: 
x - axis, years since migration and status of herds  
 
 
 
Figure 5.7: Trends in status of sheep and goats since migration of herders: y - axis = percentage (%) 
of herders: x - axis, years since migration and status of herds  
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5.4.3 Herders perception on fodder availability 
 
5.4.3.1 Herders encounter of the fodder plant species 
 
The results of herders’ ranking of the fodder plants on an average herding day generally, is 
presented in Figure 5.8 whilst the details of trends across the communities are presented in 
Figure 5.9 (a- d).   All herders ranked A. africana and K. senegalensis as very rare species. A 
majority (71%) of the herders’ ranked P. erinaceus as rare. B. aegyptiaca (86%) and S. 
spinosa (82%) were perceived as being average in encounter, while T. indica (84%) was 
ranked as fairly common by the respondents.  
 
Figure 5.8 Rarity ranking of fodder plants in Yankari Game Reserve, Nigeria. Common = > 50 (No 
data); fairly common = 30 - 50; average = 20 - 30;   rare = 10 – 20; very rare = < 10 A. africana = 
Afzelia africana; P. erinaceus = Ptericarpus erinaceus; S. spinosa =Strychnos spinosa; B. aegyptiaca 
= Balanites aegyptiaca; K. senegalensis = Khaya Senegalensis; T. indica = Tamarindus indica  
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Figure 5.9 (a – f): Rarity ranking of fodder plants in the local communities surrounding Yankari 
Game Reserve, Nigeria. Common = > 50; fairly common = 30 - 50; average = 20 - 30;   rare = 10 – 
20; very rare = < 10. A. africana = Afzelia africana; P. erinaceus = Ptericarpus erinaceus; S. spinosa 
=Strychnos spinosa; B. aegyptiaca = Balanites aegyptiaca; K. senegalensis = Khaya Senegalensis; T. 
indica = Tamarindus indica  
 
 
P. erinaceus perhaps has the most interesting ranking compared to the other species reported 
(see, Figure 5.8e).  In all the local communities with the exception of Dagudi, P. erinaceus 
encounter was reported by the herders as being rare, but in Dagudi only 32% of the 
respondent’s ranked P. erinaceus as rare and up to 63% ranked it as very rare.   
 
Results of the Pearson’s Chi-square test carried out showed that there is a statistically 
significant difference in herders responses on rarity of  B. aegyptiaca, ( p = 0.011), S. 
spinosa, (p = 0.009) and T. indica (p = 0.000) and P. erinaceus (0.000) between the local 
communities. However there were no values for A. africana and K. senegalensis. This may 
be as the result in herders’ responses (all herder's ranked A. africana and K. senegalensis as 5 
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i.e.s very rarely encountered). Additionally, the Kruskal Wallis test which is a rank based test 
showed that there is a statistically significant variation in herders responses on rarity for S. 
spinosa, (p = 0.002) and T. indica (p = 0.000) and P. erinaceus (0.000) but not for B. 
aegyptiaca, ( p =0.07), between the local communities. 
 
 
5.4.3.2 Fodder plants preference per livestock 
 
All herders from the five local communities ranked A. africana, K. senegalensis, and P. 
erinaceus as the most preferred species for their cattle. See figure 5:10 for the general trend 
in herders’ preference in fodder plants. Herders’ perception at the village level also agrees 
with the general perception see, figure 5:11.  Only few herders picked T. indica as preferred 
species for their cattle in Dagudi and Galen sanji (see, figure 5.11).  
 
 
 
Figure 5.10: Herders’ preference of fodder plants for cattle in the local communities surrounding 
Yankari Game reserve, Nigeria. A. africana = Afzelia africana; P. erinaceus = Ptericarpus 
erinaceus; S. spinosa =Strychnos spinosa; B. aegyptiaca = Balanites aegyptiaca; K. senegalensis = 
Khaya Senegalensis; T. indica = Tamarindus indica  
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Figure 5.11: Herders’ preference of fodder plants for cattle in the local communities surrounding 
Yankari Game reserve, Nigeria. A. africana = Afzelia africana; P. erinaceus = Ptericarpus 
erinaceus; S. spinosa =Strychnos spinosa; B. aegyptiaca = Balanites aegyptiaca; K. senegalensis = 
Khaya Senegalensis; T. indica = Tamarindus indica  
 
 
In Figure 5.11, all respondents in Jada, Galen sanji and Yalo ranked B. aegyptiaca as the 
most preferred species by sheep and goats. Majority of the respondents in Dagudi and Galen 
sanji also ranked B. aegyptiaca as the most preferred species. Closely ranked is S. spinosa by 
the respondents in Jada, Galen sanji and Yalo and similarly the majority of the respondents in 
Dagudi and Galen sanji as the second most preferred species. In Dagudi, the majority of the 
respondents ranked T. indica as the third most preferred species to feed their sheep and goats. 
A little less than half of the respondents in Galen sanji also ranked T. indica as the third most 
preferred species, however T. indica was found not preferred in Jada, Pali and Yalo. The 
respondents also reported that A. africana and K. senegalensis are not utilized by sheep and 
goats. 
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Figure 5.12: Herders’ preference of fodder plants for Sheep and goats in the local communities 
surrounding Yankari Game reserve, Nigeria. A. africana = Afzelia africana; P. erinaceus = 
Ptericarpus erinaceus; S. spinosa =Strychnos spinosa; B. aegyptiaca = Balanites aegyptiaca; K. 
senegalensis = Khaya Senegalensis; T. indica = Tamarindus indica  
 
 
 
 
 
Figure 5.13: Herders’ preference of fodder plants for Sheep and goats in the local communities 
surrounding Yankari Game reserve, Nigeria. A. africana = Afzelia africana; P. erinaceus = 
Ptericarpus erinaceus; S. spinosa =Strychnos spinosa; B. aegyptiaca = Balanites aegyptiaca; K. 
senegalensis = Khaya Senegalensis; T. indica = Tamarindus indica  
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5.4.3.2a Non-fodder use of study species 
 
Although B. aegyptiaca and S. spinosa are ranked as averagely encountered, these fodder 
plants are popular among the local communities and are heavily utilized for purposes other 
than as fodder plants for their cattle. B. aegyptiaca is mostly used to make “Allo” (tablets 
used commonly in Koranic teaching) and “kota” (commonly used by hunters). The fruits of 
B. aegyptiaca is generally licked as sweets and the leaves are used for medicinal purposes 
and as foods. The commonest use of T. indica is for food purposes (Kunun tsamiya) and the 
herders claim they only use T. indica to feed their livestock in the absence of any other fodder 
plants. B. egyptiaca and T. indica are always spared in the local communities because of their 
uses. Additionally, T. indica gives good shade for the peoples’ relaxation in all the local 
communities. K. senegalensis was frequently reported to be used for medicinal purposes, 
especially to cure stomach aches in humans. 
 
5.5 Discussion 
 
In this study the author investigated herders’ perception in the dynamics of the key plants 
they interact with. Pastoral systems are always changing. Thus interpreting the results of a 
one-off survey may be problematic/unreliable considering the cyclic nature of livestock 
populations in this study and other sources of annual variability. The results from this study 
include herder perception derived from the survey data. The author recognises that bias could 
arise from long-term recollection of facts. Despite these and other limitations, the results 
from this study illustrate how information on indigenous ecological perceptions, knowledge 
and practices reveals a picture of system change. This information could subsequently inform 
locally appropriate sustainable management plans. 
 
5.5.1 Herders’ characteristics and knowledge of fodder plants 
 
Generally, the herders showed similar demographic characteristics, knowledge and use of the 
fodder plants across the five local communities surveyed. The Fulani herders indicated they 
shared tasks in the herding and concluded that children are actually the ones that tend cattle 
on a daily basis, except on distant trips, where the household head takes the responsibility of 
protecting the livestock herd and also the family. In a related study carried out in the Sahel 
(Niger), the majority of respondents (74% and 50% of the respondents in Kodey and 
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Toukounous) reported that only children herded livestock during the day (Ayantunde, 2000). 
Children are therefore a category to include in a survey such as this, because of their high 
interactions with the herding areas. 
 
The herd sizes reported by the herders are suspected to be lower numbers than what they 
actually own. During the interview, the author observed hesitation and inconsistency (e.g. by 
asking same questions to different members of the household and each one giving different 
answers) in reporting their livestock herd size among family members. The hesitation among 
the Fulani herders in reporting accurate figures for their herds is founded on fears of taxation. 
Fulani herders are only known to give the right figures if they will benefit from livestock 
treatment from veterinary workers. In a similar study on why nomadic pastoralists cannot 
count their cattle (Pouillon, 1988), the author concluded that it is speculative to comment 
extensively on the herd size of the pastoralists because they usually underreport their animal 
numbers to limit taxation, also that there are strongly held taboos that discourage counting of 
their livestock such as, the herders believe they will attract divine wrath if they boast about 
herd size (Pouillon, 1988; Ayantunde, 2000). Nevertheless, the herd sizes when summed 
from all the local communities reported appear to be higher than the available fodder plants 
in Yankari, therefore it can be inferred that the herd size will continue to have negative 
effects on these species. Furthermore, herding has been recorded as factor in resource 
pressure (see, Desta and Coppock, 2004; Turner et al., 2005). 
 
The sedentary herders interviewed in this survey are grouped as migrant herders and 
indigenous herders. The data gathered did not allow the author to compare the two groups 
because of the very low number of the indigenous herders compared to the migrant herders. 
Therefore, comparison was done only between the local communities and not within the 
communities.  Overall, the migrant herders gave two reasons for their migration to the local 
communities surveyed. The first was for grazing (kiwo) and the second to find water sources 
for their livestock. These are typically the primary reasons for herders to move at any given 
time based on literature (see, Hamphire, 2002; Gaoue and Ticktin 2008; Iro, 2009; 
Ouedraogo et al., 2012; Brandt et al., 2014). 
 
The key aspect of the survey was when herders were quick to identify the fodder plants 
presented to them. The herders gave the names of the plants both in Fulani language (A. 
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africana = kawohi; P. erinaceus = Banuhi; S. spinosa = Butohi; B. aegyptiaca = Tanni; T. 
indica = Zasni and K. senegalensis = Kahi) and in Hausa language (A. africana = kawo; P. 
erinaceus = Madobiya; S. spinosa = Kokan biri; B. aegyptiaca = Addu’a; T. indica = 
Tsamiya and K. senegalensis = Madacci). The herders were also consistent in their ranking of 
both preference, and rarity of the plants across the local communities. The herders’ responses 
in this study support the view that most herders have a good knowledge about the fodder tree 
resources available in their environment (Petit and Mallet, 2001; Komwihangilo et al., 2001). 
All the herders have good knowledge of major tree species used for animal feeding in their 
area. This may be due to the fact that most of the herders interviewed have been involved 
directly in livestock herding activities for a long time. Additionally, the respondents also 
provided information on other uses of the fodder plants (see, 5.4.3.2a). 
 
5.5.2 Herders’ perception on trends in livestock abundance  
 
From the results ( see, figures 5.6 and 5.7) on perceptions of trends in livestock among 
herders, the lack of clear trend  generally found in of herds status could be due to a number of 
factors such as herders inability to recollect the past, calving rates, death rates, diseases, and 
selling livestock for income. These factors must be considered in determining the trends in 
herds. For example, on further probe, some respondents were shaking their heads, in response 
saying “you can’t compare sadly, of course there is a great reduction in the number of our 
herds”. Furthermore the herders perceived a decline in the availability of grazing land (Daji) 
and scarcity of water as the major reasons for reduction in the calving rates in their cattle. 
Other threats mentioned included droughts, fire, wood cutters and natural changes. However 
diseases were the least mentioned threat. These findings are in contrast to studies by Desta 
(1999) who reported that the survey respondents felt that the overall number of cattle had 
actually increased over the longer term and attributed the primary reason for the pattern to be 
the improvement in cattle health from veterinary interventions. 
 
Additionally, the increased sedentarisation has had its challenges for the herders. Longer 
settlers among the Fulani eventually become agro-pastoralists generally, this may be as a 
result of shortage of feed translating to the Fulani’s inability to manage such large herds. In a 
related study of sedentarisation of cattle farmers in the Nigerian savannah (Jabbar et al., 
1995), the study found that: i). Fulani herds’ size decreased with longer periods of settlement; 
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ii). Herds which moved longer distances between seasons were much larger than those which 
did not move or moved short distances; and iii). Herd sizes varied according to the nature of 
ownership of cattle, location of present and past settlement, duration of settlement, extent of 
seasonal movement and involvement in crop production.  
 
The increase in both male and female population figures for Bauchi from the 1999 and 2006 
censuses show that the population is fast-growing. Unfortunately, the study was limited to 
just the population figures of the states. Although it was possible  to access the 1999 
population figures of local communities, the categorization of the local communities were 
ambiguous, therefore the study is limited to interpreting only the 1999/2006 censuses for 
Bauchi State, which gives a general indication of population increase and caution is needed in 
drawing conclusions on these census data. This study is therefore not able to calculate the 
population density of the herders as there are no census data based on tribes in Nigeria. The 
movement of herders to Dagudi, Galen sanji, Yalo and Pali was found to be highest in the 
1980s, and for the Jada communities, it was in the 1990s. It is not clear at this point why the 
herder’s migration in Jada differed from the other local communities given that all other 
characteristics of the migrant herders are somewhat similar across the local communities. 
Generally the movements of these herders can only be attributed to the widely reported 
droughts of the1970s and the mid-1980s and the hardships associated with the droughts (Juul, 
1999; Glantz, 1988). In line with our finding, a study in East Africa found that in the late 
1980s the Ethiopian Boran appeared to be in a vicious cycle of cattle mortality due to an 
interaction between drought and high stocking rates (Desta and Coppock, 2002; Desta and 
Coppock, 2004). 
 
5.5.3 Herder’s perception on the availability of fodder plants 
Overall the herders from all the local communities ranked A. africana and K. senegalensis as 
the rarest species of the fodder species surveyed. The herders further added that A. africana 
was common in the time past but now it can only be found in “Dajin Yankari” (Yankari). 
Conversely, K. senegalensis has never been common in these areas. The reports of the 
herders is validated by the findings from our previous study (see Chapter 4). Very few 
individuals of K. senegalensis were found in the riparian forests of Yankari. Nevertheless, 
other fodder plants were not perceived as rare, although all fodder plants surveyed were 
perceived by the herders to have declined. The herders were asked about their livestock diet 
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during the dry season since they claimed, the fodder plants were very rare.  The herders 
reported that, they store up straw, and stalks after harvesting farm produce (grains, legume 
and beans), which sustains the livestock for a while and at the driest periods those herders 
that have much livestock move southwards in search of fodder plants until the onset of the 
rains.  The most popular destinations for the herders are Taraba (south of Yankari), Benue, 
Bayelsa, Plateau, Dampar and Lafiyan bari-bari (all areas are to the south where more lush 
vegetation can be found).  This finding supports a related study done in Benin Republic 
(Gaoue and Ticktin 2008). The study reported that in the dry season, the Fulani move 
southwards in pursuit of fodder and water from the drier Sudanian region toward the Sudano–
Guinean region. Additionally they reported high pruning pressures on K. senegalensis 
available along their migration corridor.  
 
The herders’ preference of fodder plants for their cattle was the same in all villages, but 
differed for the sheep and goats’ fodder plants preference. Overall the herders believe that 
when cattle are fed with A. africana, the quantity and quality of milk increased and so too 
with K. senegalensis and P. erinaceus, but the latter two species are not as good as A. 
africana. In a related study in the sub–humid savannah zone of West Africa, the behaviour of 
sheep, goats and cattle on a shrub and tree showed that plant species with the highest 
frequency of consumption included were A. africana, K. senegalensis, P. erinaceus 
(Ouedraogo-Kone et al., 2006). Furthermore, species with a high frequency of citation by 
farmers were Afzelia africana (92%), K. senegalensis (88%) and P. erinaceus (86%). 
 
For sheep and goats, the herders reported that B. aegyptiaca and S. spinosa are the best 
fodder plants to use as feed for them because these smaller animals are slow eaters and prefer 
to browse on thorny plants species. The herders cautioned that most of the fodder plants 
under investigation have gone scarce and therefore at the peak of the dry season (“in rani yayi 
rani”) any plant can be used to feed the livestock, they added that T. indica is such good 
example, that should never be used to feed livestock but in desperate times “we find 
ourselves using it as feed for our livestock”. 
 
Herders in Jada reported P. erinaceus to be very rare, whilst herders in the other local 
communities ranked P. erinaceus as rare. The difference between the two rankings is relative 
thus, the author is aware that the herders generally perceive the populations of these species 
to have reduced. Furthermore, it is possible that the populations of P. erinaceus could be 
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more in the grazing areas of Jada herders but this study did not ask questions as to how 
herders interact with the fields or whether there are demarcations or territories of grazing per 
local community. The fodder plants that were highly preferred were the same as those with a 
high rarity rate for cattle but not so in sheep and goats preferred fodder plants (B. aegyptiaca 
and S. Spinosa). The probable explanation is that B. aegyptiaca and S. spinosa were not 
preferred by cattle which are more in number than sheep and goats in the local communities. 
These three plants species have also been found to be important for livestock during the dry 
season by Petit (2000) in a similar zone, but they were not ranked by importance. 
 
5.5.4 Implication for conservation and management 
Overall herders’ perception on their interaction with the fodder plants have shown that they 
are fully aware of the changes in the status of the plants and threats the fodder plants are 
facing. However, the herders are handicapped in many ways in regards to finding alternatives 
to their interactions with these plants. They have devised short-term migrations in the driest 
season as their tool for survival in desperate times to keep their livestock alive.  
Because the sedentary herders claimed that they do not go into Yankari as they are legally not 
allowed. They equally emphasized that the seasonal herders are those that heavily harvest the 
fodder plants in Yankari. Although it is hard to certainly prove this, there is possibility of the 
sedentary herders harvesting these fodder plants in Yankari (see, chapter 4 for evidence of 
their activities). Additionally during the focus group discussions, quite a few of the herders 
referred to Yankari to be the only place that still has some of the fodder plants. However, on 
further probing, the herders denied having any interactions with Yankari and quickly added 
that it was illegal to go into the reserve.  There is the possibility and willingness in the 
herders in the local communities, to be engaged as protectors of Yankari as a conservation 
strategy. However for this to be implemented effectively, it has to be thoroughly thought 
through and planned for with all concerned stakeholders at all levels.   
A. africana appears to be a very important plant for the herders, they have strong beliefs and 
conviction that their livestock need A. africana in the dry season in the absence of grasses. 
Therefore, it may be important to examine other best practices such as Fulbe parkland in the 
south west part of Burkina-Faso where practices of tree management to ensure sustainable 
land-use yielded success. This management is done in a land-use type called ‘parkland’ 
created by the Fulbe pastoralists in the village land of Kourouma (Petit, 2003). 
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5.6 Conclusions  
 
The finding of this study presented in this chapter suggests that there is evidence that herders 
in Yankari have inconsistent reports on the trends in their livestock. However, they have clear 
knowledge on the availability of fodder plants in their surroundings. Additionally, the study 
also found that a large number of Fulani and their livestock migrated to the local 
communities surrounding Yankari in 1980s and 1990s. Herders are aware of decline in 
abundance of fodder trees and have adopted temporary migration as strategy to cope with the 
situation. This study has also revealed the vulnerabilities of the herders and their herds to 
harsh conditions especially during the driest period. 
 
The findings on the fodder plants preference by herders for their cattle relates directly to the 
severe harvests in A. africana and for sheep and goats, B. aegyptiaca (see, chapter 4). The 
herders across all the local communities’ ranked A. africana as the top preferred species for 
their cattle, as it boosts both calving and milking rates when the cattle are fed with this fodder 
plant. Yet, the A. africana is scarce throughout the immediate vicinity of the local 
communities. 
Furthermore, the herders refused to engage in any conversations relating to harvesting fodder 
plants in Yankari, this is because Yankari is a strict game reserve under complete governance 
by the Bauchi state. The herders’ therefore failed to cooperate during the interviews for fear 
of implication afterwards. However, it can be concluded that these herders, combined with 
the seasonal herders seem to be interacting with Yankari in diverse ways (see, chapter 4). The 
present study has re- emphasized  the importance of these fodder plants as having multi use 
purposes in the local communities such as medicinal, foods, and local crafts.  
 
The interview and ranking techniques used in the present study allowed rapid identification 
of browse species, which reflects the priorities of the livestock-keepers. Comparison of the 
ranking results and our earlier inventories (see, Chapter 4) showed that herders took forage 
quality into consideration when ranking the species. No difficulties with species identification 
was encountered, because the herders were approached with plants samples. Herders readily 
identified the fodder plants and further mentioned species of P. erinaceus and S. spinosa as 
having different types within the same family.  
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Making an inventory of the most important naturally occurring browse plants in a given area 
is only a first step toward developing forage resources (see, Chapter 4). Secondly, to gain an 
understanding of herder perception on the availability of fodder plants and the threats to these 
plants have proved interesting. The combined information from the fodder plant inventories 
and the results from the present study should serve as a guide to develop appropriate 
conservation strategies to maintain the viability of these fodder plants for Yankari as well as 
to contribute to the sustainability of the Fulani livestock systems.  
General discussion 
6.1 Overview of thesis  
 
As a consequence of the unprecedented rate of the earth’s biodiversity decline (IUCN, 2010), 
and the urgent need to understand the impacts of individual and the synergies of drivers of 
woody vegetation change over the long period, the current study evaluated four aims, which 
are discussed in depth in chapters 2, 3 4 and 5.  This chapter gives a synthesis of all the major 
results/outcome of the four result chapters (2, 3, 4 and 5), and further considers the 
implications of the results.  
This study assessed the processes and drivers of vegetation change in the West African 
savannah aiming to develop mitigation strategies to increase ecological resilience of the 
region (chapter 1). Chapter 2 characterized the key tree and shrub species in Yankari, re-
surveyed and compared the current distribution and abundance of key species (across the sub-
habitats) with those reported by Green (1986) and finally detected changes in vegetation 
cover for Yankari using remote sensing. In chapter 3, the trends in drivers (elephants’ 
population, climate, fire and human activities) of woody vegetation change of Yankari from 
the 1980s to 2011 were assessed. In chapter 4, the fodder plants were characterized and their 
population structure were described. Additionally, between species variation was investigated 
to assess the rates and patterns of harvest of fodder plants in Yankari. The chapter also 
investigated whether proximity to boundary distance influences harvest rates and recruitment 
of fodder plants in Yankari. Finally the chapter also describes the types of 
interaction/incursions made by herders and their livestock in Yankari. Two objectives were 
laid out in chapter 5: to ascertain trends in livestock abundance of sedentary herders in the 
local communities, and to determine herders’ perception of fodder preference and 
availability. 
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This study has provided quantitative evidence of current threats to the West African 
savannah. Overall, the woody vegetation of Yankari has changed over time, showing a 
general increase in species of Combretacaea family and decline in fodder species (see, 
chapter 2). Additionally, Yankari is characterized by a high variability in annual rainfall, 
prevalence of droughts, fire scars, prevalence of and increase in human activities at the 
boundary of Yankari and in 2013, human encroachment has extended into Yankari (see 
chapter 3).  The study found that fodder plants are harvested in Yankari but the extent of 
harvest varies by species: A. africana and B. aegyptiaca are severely harvested - and there is 
a high level of herder activities in Yankari (see chapter 4). The herders in Yankari have 
inconsistent reports on the trends in their livestock but have clear knowledge of the 
availability of fodder plants in their surroundings.  There was a large-scale migration of 
herders to the local communities surrounding Yankari in 1980s and 1990s. Herders are aware 
of the decline in the abundance of fodder trees and have adopted temporary migration as a 
strategy to cope with the situation (see chapter 5). This study has also revealed the 
vulnerabilities of the herders and their herds to harsh conditions especially during the driest 
period.  
6.2 General implication of the thesis   
 
6.2.1 Change in tree/fodder species abundance in Yankari 
A two-way change in species abundance was found in this study:  increase in abundance of 
most species in Combretacaea family and reductions in abundance of species used as cattle 
fodder, this is supported by Wezel and Lykke (2006). Most declining and disappeared species 
are reported to have high socio-economic importance (see, Lykke et al., 2004; Sepasal, 2005; 
Wezel and Lykke, 2006). The species were also popularly used for handicrafts and as fodder 
for livestock. Therefore to reduce degradation in these species, there is need for i): 
introduction of alternative sources of income; and ii) training the herders’ on sustainable 
harvesting practices, for example the traditional Fulani sopoodu method of conserving K. 
senegalensis in Benin republic (see, Gaoue and Ticklin 2009). 
 
6.2.2 Climate with high variability in rainfall and drought prevalence  
The climate in Yankari suggests high variability in annual rainfall. This trend in climate is 
consistent with both regional projections for West Africa (Vigaud et al., 2011; Sylla et 
al.,2013) and the global climate change effects (IPCC, 2007; Moritz et al., 2012;  Dai et al., 
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2013), most likely due to high interannual variability in rainfall. However, a related empirical 
study done on woody dynamics in the Australian savannah highlights the powerful influence 
of multi-year rainfall excesses and deficit on tree death (Fensham et al., 2005). Also in a 
related study, changes in tree cover were attributed to climate variability and climate change 
(Gonzalez et al., 2011). 
The study also found the prevalence of droughts in Yankari. This situation corroborates 
findings by Geerling (1973) and Green (1986), who observed prevalence of droughts in 
Yankari. In fact, it was the effects of the drought since the mid I980s that motivated the 
baseline study of the vegetation of Yankari. In a related study done on the World's savannahs 
(Fensham, 2008), drought and their drought-induced tree death estimates were compiled 
according to the minimum value of the drought index 1901–1902. Colorado 53% (Breshears 
et al., 2005) and Texas 37% (Archer et al., 1988) are the only studies with higher estimates 
than the West African Senegal (Senegal I, 33% Senegal II, 22% (Poupon and Bille, 1974; 
Gonzalez, 2001; Fensham, 2008). The study concluded that extensive tree death in savannahs 
will become a stark consequence of climate change if predictions of increasing severity and 
frequency of drought are realized (Fensham, 2008). 
Yankari and many protected areas lack weather stations despite the widely-recorded rainfall 
unpredictability and the prevalence of droughts in t general area. This situation shows lack of 
preparedness in case of drought emergencies. Therefore, there is a need to collect and foster 
the use of climate data to decision-makers. One way to do this is by developing seasonal 
weather forecasts for Yankari and also for the local communities to avoid surprises, and make 
the right decisions in case of an impending drought (see, Adele 2011; RPL_WA, 2013). 
6.2.3 Fire impacts 
Fire scars are found to be prevalent in Yankari, indicating both high level of fire activities 
and frequent burning. Although fire is known to be synonymous with savannahs, fire has 
been reported to have negative impacts on vegetation in some studies (Hobbs, 1992; Bond 
and Midley 2001; Bond and Keeley, 2005; Sankaran, 2008).  Yankari, has very few fire 
breaks, and the impacts of fire is clearly seen on the trees in particular and the landscape 
generally. Furthermore in drought-prone environments, fire does not work in isolation, fire 
and droughts work in combination to negatively impact the vegetation (Jurisch et al., 2013). 
There are success stories elsewhere that Yankari can learn from.  In Kimberly, Australia for 
example, various studies have reported on the success of the Australian Wildlife 
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Conservancy’s (AWC) Eco fire project (see, Legge et al, 2009, 2011). The EcoFire project 
aimed at reducing the incidence of intense fires, and to increase the amount of long - unburnt 
habitat in the landscape (Legge and Fleming, 2012). Prescribed burning was done very early 
in the dry season because fires are less intense, less thorough, much smaller, and are more 
likely to leave a lot of unburnt patches of fire scar footprint. The EcoFire project was done in 
collaboration between pastoralists, indigenous communities and government agencies. Major 
outcomes of the projects are:  i) a measurable positive change in fire patterns on a large scale 
was evident; ii) a cost-effective way of tackling a key threat to biodiversity; and iii) the 
importance of private-public partnerships in which the traditional role of government, and 
non-government sectors is re-assessed (Legge and Fleming, 2012). 
 
6.2.4. Patterns, extent of harvest rates of fodder plants from Yankari to local communities 
The patterns of harvests of fodder plants do not strictly follow some of the known Fulani 
patterns like the Sopoodu as reported by other studies (Sinsin et al., 1989; Petit, 2003; Gaoue 
and Ticktin, 2007, Gaoue and Ticktin 2009), such traditional management of trees are known 
to enhance tree survival. Additionally, the extent of the harvest of fodder plants was found to 
differ between species. The herders seemed to have preference for some for their livestock. 
These species that are severely harvested have been reported in the 1980s to be preferred and 
highly harvested by the herders (Green, 1986). Furthermore, the close proximity of the local 
communities surrounding Yankari to the boundary of Yankari may be a contributing factor to 
high harvests rates in some of these fodder plants. Additionally, various types of incursions 
encountered have also supported the fact that there are negative impacts from the local 
communities on Yankari. Finally, there is a connectivity in this system that must be 
considered: the livelihoods of these local communities is strongly tied to seasonal rainfall (for 
the farmers) and the availability of foliage and fodder (for the herders) and there are limited 
or absence of alternative means of livelihoods. The present challenges to find feed for their 
livestock will only escalate causing further declines in these fodder plants in the future. 
It is general knowledge now that the mission of protected areas has evolved from biodiversity 
conservation to improving human welfare, resulting in a shift in favour of protected areas 
allowing local resource use (Naughton-Treves et al., 2005). Buffer zones can serve as one area 
for protected areas to promote this mission. Many initiatives have linked protected areas to 
local socioeconomic development and have been successful (see, Usongo and Nkanje 2004; 
Andrade and Rhodes, 2012). In Lobeke Park, Cameroon for example, the buffer zone served 
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as community hunting areas allowing local residents to generate substantial financial 
resources which are used to sponsor community development activities, such as community 
farms, purchasing medical supplies, and promoting education programs. Whereas other 
initiatives such as in Nepal, have suffered major challenges, for example, lack of local 
community empowerment in decision-making, transparency and inadequate benefit-sharing 
among others in buffer zone programs (see, Budhathoki 2004). Hence Yankari can take a cue 
from those successful initiatives and create a buffer zone that can meet the conservation goals 
of the reserve as well as be beneficial to the local communities. 
6.2.5. Decline in fodder trees, and temporary migration 
Chapter 5 aimed at understanding the social aspects of conservation from the local 
communities’ perspective. Consequently the perceptions of the herders were explored to help 
understand their awareness on the trends in their herds and the availability of fodder plants. 
Results from this section have not been easy to collect as the herders’ recollection of dates 
and events seemed inconsistent. Additionally, to get the exact numbers of their livestock was 
challenging. Nevertheless, the responses from the survey have helped us to establish that 
there has been additional pressure of grazing in Yankari because Fulani migrants who have 
settled in all the local communities surrounding Yankari since the late 1960s but mostly in 
the 1980s and 1990s.  Furthermore, the study found that fodder plants preferred by cattle are 
the same as those reported to be the rarest fodder plants, but this may not be so for sheep and 
goats. Outside Yankari these fodder plants are rarely seen, the tendency therefore is for the 
local communities to harvest the fodder plants from Yankari to a large extent during the 
driest periods. This is not conclusive as the fodder plants in Yankari are insufficient and 
inadequate to cater for their herds (averaging 40 and above per household) (see chapter 5) 
and the abundance of the fodder plants may be inadequate for the herds.  
Additionally, there are reports and evidence of influx of nomadic Fulani, also referred to as 
seasonal herders, to the local communities and all areas surrounding Yankari. This yearly 
migration add pressure on the limited fodder plants. The Seasonal herders are reported to 
have larger herds numbering hundreds and they are usually focused only on getting food for 
their herds. Therefore, they are known to over-graze and completely loop off these fodder 
plants for their livestock. The sedentary herders have devised temporary migration to more 
luxuriant areas to the south of Yankari (short and long distances) as a means of coping with 
the harsh and difficult periods in the dry season. This may not be the best alternative for the 
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overall good of conserving the fodder plants because the decline recorded in Yankari now 
will eventually be the same story in Taraba, Plateau, and all other areas they are migrating to 
during the dry periods.  
To reduce the impacts of heavy harvests by additional pressure from the seasonal herders, the 
following recommendations are proposed. First, the migrant herders could be educated and 
empowered to protect their homesteads during the periods that the seasonal herders arrive. 
This will require careful planning and gradual training but it is worth exploring (see, Hazzah 
and Dolrenry, 2007). Second, instead of embarking on temporary migrations during the dry 
season, a parkland can be created in Yankari to enable the herders’ harvests and feed their 
livestock with the fodder plants they need during the dry season (see Petit 2003).  
6.2.6. Patrols, law enforcement and governance 
The findings of this study have pointed us to the facts that the Wildlife Conservation Society 
(WCS) and A. P. Leventis Ornithological Research Institute (APLORI) have continuously 
supported anti-poaching activities through cyber-tracking, monitoring and improving the 
allowances of rangers in Yankari since 2009. Yet, culprits  are caught regularly, penalties 
such as payments of fines and imprisonment are enforced but the poachers and herdsmen 
never stop; instead they are getting more and more desperate for the resources within the 
reserve (Haruna, 2011; Tende, et al., 2011). The conflicts between the local communities and 
the park rangers have escalated. Only two years ago, some of the park rangers lost their lives 
in these conflicts (WCS, 2013; Tende, et al., 2011).  
Last year the Bauchi State Government and WCS signed a memorandum of understanding 
making WCS to be responsible for managing/governing all the affairs of Yankari, not just the 
anti-poaching activities alone from 2014 -2018. The efforts of WCS have resulted in good 
initiatives (collaring of elephants, use of cyber trackers, training and equipping the park 
rangers) and APLORI (providing two power chutes for monitoring activities throughout the 
park) but are grossly inadequate for a reserve as big as Yankari.  WCS is underfunded, have 
very few patrol vehicles, threats from poachers and cattle herders’ men are some of the 
challenges that they face. Given the challenges, it is necessary for WCS to begin exploring 
the possibility of participatory conservation initiatives with the local communities, this to a 
large extent is a much more sustainable option of conserving the biodiversity of Yankari 
compared to the traditional governance model that Yankari has practiced since its inception. 
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6.3 Further research and recommendations 
Despite extensive research that has been undertaken on vegetation composition, the trends in 
the drivers of woody vegetation change in Yankari, focusing on herders’ impacts and herder 
perception on fodder trees, there is still scope for further work to investigate the drivers such 
as fire, elephant population and climate change individually (e.g. make projections) and 
collectively (determine their synergies in the system). Furthermore, it will be interesting to 
model the changes in vegetation vis-à-vis trends in drivers of the woody vegetation and see 
whether there is a correlation or connection between the changes in vegetation and trends in 
the drivers of the woody vegetation based on co-occurrence or the pattern of change. 
Consequently, further research is recommended to ascertain the cause and effects of these 
relationships. 
Discussions on conservation and management initiatives for monitoring should be initiated 
where the local communities will be involved and form an integral part of the conservation 
project in Yankari (i. e the bottom up approach conservation model, or the Love and Steward 
Model (Apfelbaum et al., 2013). Initially, short-term projects can be initiated and 
investigated so as to find suitable and relevant methods that can be realistically implemented 
in Yankari and other protected areas with similar changes.  
Most habitats that were earlier referred to as Afzelia tree savannah (Geerling 1973; Green 
1986) do not qualify to be named as such as much of the habitats have been changed by 
increase in Combretacaea species. Therefore, the vegetation classification of Yankari needs 
to be revisited and studies using up-to-date methods and techniques be undertaken to 
reclassify the vegetation of Yankari. This should reduce all biases and ambiguity in handling 
the results.  
Findings from Chapter 5 can be used to further explored working with the local communities. 
Which seem as an interesting area to look into, therefore new initiatives for conservation 
should focus on this area for the benefit of Yankari and the local communities. Globally, 
there are several local communities that are actively engaged in managing protected areas 
(see,  Leach et al., 1999; Porter-Bollard et al., 2012 and Lockwood et al., 2012). 
Furthermore, there are some notable success stories achieved in some places like the joint 
forest management in India and the CAMPFIRE in Zimbabwe, which is considered as 
Africa’s best example of community-based resource management and development (see, 
Dougill et al., 2012; Chimire et al., 2013; Leach and Mearns, 2013). In West Africa there are 
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a few success stories in local community engagement as seen in the W-Arly-Pendjari WAP 
complex which straddles the borders between Benin, Burkina Faso, Niger and Togo, (see, 
IUCN, 2014) but it is still in its’ infancy, therefore, time will tell if it is a suitable example for 
other protected areas in West Africa.  Hence it can be introduced as a trial in all or just parts 
of the reserve, with research as a component, so that changes can be monitored and 
quantified. 
Yankari is at a very close proximity to the local communities. There is no fence or buffer 
zone in Yankari; where the boundary of the reserve stops, the farmlands begin. This study has 
also found that encroachment has extended into the reserve recently (from the satellite image 
of 2013, see chapter 3). Therefore a conservation strategy is urgently required to stop any 
further encroachment, to protect the species and the many other endangered taxa found in 
Yankari and more importantly, to protect the habitats. The World Commission on Protected 
Areas (WCPA) is set to contribute to strengthening the governance of protected areas in 
future by analysing the range of governance models of protected areas and then distilling and 
widely communicating the outcomes (IUCN, 2014). Attention needs to be given to the role of 
indigenous and local communities in protected areas and the equitable sharing of benefits. 
The IUCN (2014) guidelines on co-management and community managed protected areas 
should be promoted and applied in Yankari. 
This study has revealed the vulnerabilities of the herders and their herds to harsh conditions 
especially during the driest period. The Fulani are much immersed in their beliefs and 
protective of their livestock. Projects that will directly involve them need to be thought out 
carefully and implemented gradually. The Fulani have strong ties to traditional beliefs; 
therefore, they will need to see proof of any benefits to them and their livestock before they 
can cooperate with authorities or the managers of Yankari and other protected areas alike.   
In order to enhance conservation there is the need for participatory research or monitoring 
with the Fulani engagement and cooperation. This study has demonstrated the importance of 
traditional leadership in Fulani communities. Fulani have their leaders they refer to as 
‘Hardo’. In each local community, the head was visited who then invited the Hardo and 
instructed him to send message to the Fulani requesting them to come and see him and that 
was done. Therefore, both the local community head and the Hardo can convince the Fulani 
to cooperate with relevant authorities or accept any conservation strategy if and when 
initiated.  
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Appendix 1: Summary of the report on human activitiest in Yankari by Green (1987). This report is the NCF/RES field document No 5. Based on 1985 and 
1986 activities within Yankari. Track refers to game tracks within the reserve. Most of the ones mentioned in the report are situated in Afzelia tree/woodland 
savannah formation. KI = Kassim Ibrahim track; AB =Ahmadu Bello Road; SM = Sha’aman 
S/No Track Period Species Incursion by: Activity Comment 
 
1 Buri June Afzelia africana Herders lopping and 
chopping 
Big piles of branches of Afzelia, road was blocked by them 
 
Devastation caused by herdsmen ranks those of poaching, 
fire and drought. 
 
Worse year of scourge of Afzelia mutilation 
2 Wala Kerol July Afzelia africana Herders lopping and 
chopping 
All trees fewer than 15cm were chopped at breast height. 
 
Old trees have died from lopping, fire and drought. 
 
High competition. 
3 N. Sha’aman Feb – Aug. Grasses. 
Afzelia africana 
 
Cattle 
Herders 
 
Grazing 
Lopping and 
chopping 
Main route between villages. 
 
Encountered 1000 cattle,200-300 sheep near Sha’aman hill 
4 J. of Gale, TG, 
Randall, SM & KI 
March Afzelia africana Herders 
 
Attacking No evidence of past activity.  
 
Many arrests were made 
 
Sheep also seen grazing 
5 Kariyo hill April Afzelia africana Herders lopping and 
chopping 
Piles of branches of Afzelia. 
 
Dilapidated shape of trees 
6 Duguri March Afzelia africana Cattle Grazing Track impassable due to erosion 
 
7 Dagudi March, June &  
July 
Grasses Cattle Grazing Tonglong gorge is used for water supply 
8 Area Surrounded 
by loopline 4, 
Lipji , KIb &AB 
road 
March Afzelia africana Herders, sheep, 
camels and asses 
Lopping and cutting 6 men lopping and feeding flocks for at least 3 weeks. 
 
They also cut trees which indicated their presence. 
Subsequent to this was three days of patrol, but only some 
of their sheep were captured. 
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Appendix 2 
Themes for focus group discussions: 
 
1) What are the main occupations of household heads in this LC 
 
2) Who are those involved in active herding?(sex/age) 
 
3) Do you have migrant herders in your LC 
 
4) Can you recall the periods; you had an influx of migrants? 
 
5) Do you know why your community is an attraction to herder migrants? 
 
6) How do you (as people) relate with migrant herders? Do you like/hate them/None 
 
7) Do you have to compete for scarce resources with them? (list resources) 
 
8)  When is the competition most severe? 
 
9) Do you think water sources are declining /increasing? Why? 
 
10) Do you think trees (fodder) are declining /increasing? Why 
 
What are your main challenges in your occupation(s) now? 
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Appendix 3 
Questionnaires on Herder’s experiences and perspectives of fodder species: 
I am Salamatu Fada, an indigene of Gombe State but raised in Bauchi. This study is an aspect 
of my PhD at Bangor University, United Kingdom. We are working to understand the use of 
fodder trees common to this area and therefore feel your experiences are vital to this study. 
We have sought permission from your community leader to talk with you, but you are not 
under any obligation to participate in this exercise. No names will be recorded and no one 
will be able to trace you in any way. 
 
Village Respondent                             Years in School Age
 Age  
 
SECTION A: GENERAL INDICATORS  
Q1. What is the total size of your hearth hold? 
Q2. If SH, what was your household number the year you came here/NA? 
Q3. If SH, which year did you come here/NA? 
Q4. Why did you move here/NA? 
 
 
Q5. What is the current number of your livestock? 
Livestock ID Livestock type Livestock number 
1 Cattle  
2 Sheep  
3 Goats  
 
 
Q6. Have the number of your livestock increased/decreased/stable since then? 
Livestock ID Livestock type Livestock status 
1 Cattle  
2 Sheep  
3 Goats  
 
 
Q7.What water sources (sites) are available for your livestock during the dry season? 
 
163 
 
 
 
Q8. Are these sources also used for domestic purposes and by other livestock? Yes/No    
Q9. Have some water sources disappeared since the year you relocated? Yes/No 
Q10. If yes, can you list them? 
 
  
Q11. Are the available water sources enough to cater for your livestock and others? Yes/No  
Q12. Do your livestock move somewhere else during the dry season? Yes/No 
Q13. If yes, why do they move during the dry season? Can list      
 
 
Q14.  If yes, where do they go to? 
Q15. What is their main diet during the dry season? Can list 
 
 
Q16. Have their diet changed since you moved here? Yes/No 
Q17. If yes, what was their diet before you moved? Can list     
 
 
Q18. And, what do they feed on now? Can list 
 
 
 
 
SECTION B:  PLANT BASE INDICATORS 
 
Q19.What is the local/common names of these species? 
Fadi sunayen itatuwan nan da yaren ka/ke 
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Species 
ID 
Species names Answer/Response 
1 Afzelia africana  
2 Balanite aegytiaca : 
 
 
3 Strychnos spinosa: 
 
 
4 Tamarindus indica  
5 Pericarpus erinaceus  
6 Khaya senegalensis  
 
 
Q20. Can you rank these species according to category of use(s) 1 -5? 
a) Medicinal   b) Food  c) Fodder  d) Furniture  e)  Other 
 
(1.Never 2. Seasonally 3.Forth nightly 4.Weekly 5.Daily) 
 
Species 
ID 
Species names Answer/Response 
1 Afzelia africana  
2 Balanite aegytiaca : 
 
 
3 Strychnos spinosa: 
 
 
4 Tamarindus indica  
5 Pericarpus erinaceus  
6 Khaya senegalensis  
 
 
Q21. Which season are these species harvested? 
A wane wata ne ake samun/jirbe itatuwan da dama? 
 
Species 
ID 
Species names Answer/Response 
1 Afzelia africana  
2 Balanite aegytiaca : 
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3 Strychnos spinosa: 
 
 
4 Tamarindus indica  
5 Pericarpus erinaceus  
6 Khaya senegalensis  
 
Q22. Which fodder tree is most preferred by which livestock group(s)? 
a) Cattle   b) Goats   c) Sheep d) Other 
Wane dabobi ne suka fi anfani da itatuwan nan? 
 
Species 
ID 
Species names Answer/Response 
1 Afzelia africana  
2 Balanite aegytiaca : 
 
 
3 Strychnos spinosa: 
 
 
4 Tamarindus indica  
5 Pericarpus erinaceus  
6 Khaya senegalensis  
 
Q23. On a category 1 – 5, how often do you encounter these species on an average herding 
day? 
a) Very common  b) Common c) Average d)  Rare  e)  Very rare 
1) >50 2) 30 -50 3) 20 - 30 4) 10 – 20 5) <10 
 
Species 
ID 
Species names Answer 
1 Afzelia africana  
2 Balanite aegytiaca : 
 
 
3 Strychnos spinosa: 
 
 
4 Tamarindus indica  
5 Pericarpus erinaceus  
6 Khaya senegalensis  
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Q24.  Do you think these trees have declined/increased in since you relocated here? Yes/No 
 
Species 
ID 
Species names Answer 
1 Afzelia africana  
2 Balanite aegytiaca : 
 
 
3 Strychnos spinosa: 
 
 
4 Tamarindus indica  
5 Pericarpus erinaceus  
6 Khaya senegalensis  
 
Q25. If yes, why do you think so?  
 
 
 
 
 
 Q26. On a category 1 – 5, can you estimate the rate of decrease/increase? 
a) Very high b) High c) Average d) Low e) Very Low 
 
Species 
ID 
Species names Answer 
1 Afzelia africana  
2 Balanite aegytiaca : 
 
 
3 Strychnos spinosa: 
 
 
4 Tamarindus indica  
5 Pericarpus erinaceus  
6 Khaya senegalensis  
 
 
Q27.  What do you think is responsible for the decline/increase in the availability of these 
trees? 
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a) Fire  b) Droughts  c)  Harvest by herders   d)  Other havests e) Other 
 
Species 
ID 
Species names Answer 
1 Afzelia africana  
2 Balanite aegytiaca  
 
 
3 Strychnos spinosa 
 
 
4 Tamarindus indica  
5 Pericarpus erinaceus  
6 Khaya senegalensis  
 
Q29.  Why do you think so? 
Species 
ID 
Species names Answer 
1 Afzelia africana  
2 Balanite aegytiaca  
 
 
3 Strychnos spinosa 
 
 
4 Tamarindus indica  
5 Pericarpus 
erinaceus 
 
6 Khaya senegalensis  
 
SECTION B: LIVESTOCK BASED INDICATORS 
Q30. Which trees provide the best fodder for milk production when eaten by your lactating 
cows? 
 
Species 
ID 
Species names Answer 
1 Afzelia africana  
2 Balanite aegytiaca : 
 
 
3 Strychnos spinosa: 
 
 
4 Tamarindus indica  
5 Pericarpus erinaceus  
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6 Khaya senegalensis  
 
Q31. Do you think milk yields have decreased/increased since you relocated here? 
Decreased/increased/neither  
Q32.If changed, why do you think/say so? 
 
 
 
 
 
 
 
Q33. Have the calving rates of your cattle decreased/increased since you relocated? 
Decreased/increased/neither  
 
Q34. What do you think is responsible for the changes? 
Q35. At what period are your livestock healthiest? 
a) Early wet season    b) Late wet season   c) Early dry season   d) Late dry season 
 
 
 
 
 
 
 
 
 
 
 
